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MODEL Il. Direct Current Photoelectric MODEL Ill. Direct Current Portable Photo- 


Photometer A.C. Operated. 


This instrument is intended to be 
used directly from any local 
power line outlet providing 60 
cycle A. C. voltage between 109 
VAC and 125 VAC. Complete in 
two units, the Optical Barrel and 


Amplifier. OPTICAL \, 


. BARREL 
In Model II zero-drift has been 
eliminated to such an extent that 
i t ist within th : 
it does not exist within tne op Fabricated from lightweight aluminum. 
erating limits. Complete with light orifice, 1P21 photo- 
multiplier tube, cell, dry-ice chamber, 
insulation, dynode voltage divider, high 
voltage co-axial cable, and signal cable 

connector, 


electric Photometer, Battery Operated 


Requires no external source of 
electric power for operation. All 
necessary power supplied by 
self-contained batteries. Com- 
plete in two units, the Optical 
Barrel and Amplifier. 


Particularly versatile for portable 
applications where the telescope 
may be operated away from a 
source of electric power. 


Here are two highly stable and sensitive electronic light meters reading relative stellar magnitudes. } 
Both amplifiers are of the direct current type, balanced, with the voltage comparator characterized 
by simplicity. Both units exhibit high linearity on all ranges and insensitivity to stellar scintillation. 
The Model Il is noted for low power requirements. The Model Ill has no external power requirements. 


The sensitivity of both photometers is adequate for use on an instrument as small as a six inch 
reflector. The two co-axial cables leading to the Optical Barrel are extremely light in weight, min- 
imizing the necessity for counterweighting and making it possible to use the instruments even on 


very lightweight telescopes. 


Both the Model Il and Model Ill are designed to be used on all types of telescopes, either perma- 


nently mounted or portable. 


For complete information write for Bulletin No. 155. 
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A Merger of Solar 
Research Activities 


LOSE ASSOCIATION of two ob- 

servatories prominent in the study 
of the sun and its effects on the earth 
will become effective next month. Har- 
vard University and the Smithsonian 
Institution have formalized an agreement 
that should strengthen and enlarge the 
research programs of their respective ob- 
servatories in the field of solar astro- 
physics. 

On July Ist, Dr. Fred L. Whipple, the 
present chairman of the department of 
astronomy at Harvard, will become direc- 
tor of the Astrophysical Observatory of 
the Smithsonian Institution. He succeeds 
Loyal B. Aldrich, who has held that 
position since 1945. 

The headquarters of the research work 
of the Astrophysical Observatory will be 
located in close proximity to the Harvard 
Observatory in Cambridge, Mass. The 
two observatories will make their facilities 
available to each other, and it is planned 
to have joint appointments of astrono 
mers to their staffs. 

Harvard Observatory and the Smith- 
sonian Institution are of about the same 
age. The former was founded in 1843, 
and the latter three years later, by James 
Smithson, “the in 
crease and diffusion of knowledge among 
The enormous practical impor 


whose purpose was 
men.” 
tance of the sun’s light and heat led to 
the establishment in 1890 of the Smith- 
sonian Astrophysical Observatory. 

Its first director was Dr. Samuel P. 
Langley, well known both for his investi 
gations of the infrared spectrum of the 
sun and for his pioneering work on 
heavier-than-air flight. Under his suc- 
cessor, Dr. Charles G. Abbot, who served 
from 1907 to 1944, measurement of the 
solar constant was begun. Two of the 
mountain established by Dr. 
Abbot have been in continuous opera- 
tion since 1925: Montezuma, in northern 
Chile, and Table Mountain in the Mojave 
Desert of southern California. Daily 
measurements of the heating effect of 
the sun’s rays have been carried on 
decade after decade, in order to detect 
changes in the and to 
correlate these with meteorological phe- 
nomena. 

With the 


stations 


solar constant 


passage of the years, the 
scope of solar research has broadened 
enormously. The study of the sun’s 
atmosphere and its changes has in itself 
become a major branch of astronomy, 
particularly under Dr. Donald H. Menzel, 
director of Harvard Observatory. His 
work led to the establishment of the 
powerful coronagraph stations at Climax, 


(Continued on page 317) 
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Albert Einstein at Carnegie Hall, New 
York, in 1934. Photo by Clyde Fisher. 


N APRIL 18th, Albert Einstein 
QC) died in his sleep at the age of 76. 
Chis was the passing of a man who 

had contributed more to the deep founda 
tions of physics and astronomy than any 
one else since the days of Newton. During 
years of work at Zurich, 
after 1933 at the 
Study at 
original 


than 50 
Berlin, 


Advanced 


more 
Prague, 
Institute for 
ton, Albert Einstein's 
illuminated both 
and the exceedingly large. 


and 
Prince 
genius 
the exceedingly small 
Our 
standing of the atomic nucleus and the 


under 


realm of the galaxies depends to a con 
siderable extent on his work on relativity 
and quantum theory. 

Relativity has become part of the living 
body of science and will remain perma 
nently recognized, but the personality of 
the man who formulated it will be harde1 
to recapture as the years intervene. What 
we can now gather of the impression that 
he made on his associates is of special 
value. 

One olf 
is Professor Philipp Frank, lecturer emeri- 
tus in physics and mathematics at Har 
vard University, who wrote a biography 
of Einstein and was a friend of his since 
1910. Dr. Frank occupied the chair of 
theoretical physics at Prague University 


for 26 


those who knew Einstein best 


years, where he was Einstein’s 
successor. 
On the 
Frank was 
over radio station WGBH-FM, operated 
by the Lowell Institute 
Broadcasting Council of 
remainder of this article is 
Dr. Frank’s remarks over the air at that 
time. 
Einstein 
interested in philosophy, Dr. Frank re- 
calls, and regarded physics as a part of 
philosophy. He felt that an interest in 
philosophy made one a _ better scientist 


by turning attention to the really basic 


death, Dr. 
Louis 


day of Einstein's 


interviewed by Lyons 
Co-operative 
Boston. The 
based on 


often said he was basically 
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The Founder of Relativity 


problems involved in our investigation 
of nature. Einstein habitually tried to 
develop his ideas in a very general way. 
The release of atomic energy first occurred 
to him as an abstract logical consequence 
arising from the principle of relativity; 
this led to the conclusion that it would 
be possible to change matter into energy, 
as expressed by the famous formula, 
E mc?, 

In his later years he was much occupied 
with seeking a general law that would 
be valid for all the “forces” of nature, 
gravitational, electrical, magnetic, nuclear, 
and so on. This would be the peak of 
all physical science, but the effort was 
not completely successful and when he 
died he was still working on unsolved 
problems. Those who came to speak to 
him about relativity found that he wanted 
instead to talk about further problems. 

The feature of Einstein’s thinking that 
set him above his contemporaries was his 
unsurpassed ability to trace all the conse- 
instance, he 
laboratory 
On being 


quences of an idea. For 


might ask a student in the 
for details of an experiment. 
told, he 


express all the 


able to 
drawn 
from the results of the experiment. ‘This 
ability was of special value to his students 


would immediately be 


inferences to be 


and to scientists in general, because he 


could understand all the consequences 


I knew already 


ardent and enterprising music-lovers,. 


flattered by your idea that I 


thing. in music. It is 


piano with delight, but I 


was not worth the 


that it 


To my deep regret I feel 


thing to 


some evenings at all.) 


paper 
unable, therefore, 


vour music evenings (if you,as 


that would come out of their research. 
To him, in return, their work was of 
interest because all scientific activity and 
experimentation were associated parts olf 
the general pattern of thought. 

Einstein did much of his work on 
relativity before he was 26, the age at 
which he announced his discovery of the 
special theory. Like many others in the 
mathematical sciences, he made fine con- 
tributions in his early years. This, Dr. 
Frank points out, is because mathematical 
creativeness is based upon intellectual 
ability rather than on experience. There 
are frequent child prodigies in mathe- 
matics and music, but not in such fields 
as history. 

Since his early years, he had always 
been interested in freedom of the mind 
and was against all oppression. As a 
small child he used to be frightened at 
the passing of a military parade. He 
never liked the idea of man becoming 
an automaton. 

He preterred to work as an individual. 
The greatest ideas are due to individuals; 
applications of science are today mostly 
the result of teamwork by 
scientists working together. 

a certain antipathy to being paid for 
research, thinking that a paid scientist 
might feel pressed to produce results that 
his best work. We have 


groups ol 
Einstein had 


would not be 


that the Harvard astronomers 


I also was much 


ay have written secretly some- 
true that I have improvised much on the 


discovered without much astonishment 


and ink to be written down. 


to contribute some- 
spare 


astronomers, can 


Sincerely yours, 


Ai tes.dlias: 


Albert 


Binetein. 


Einstein’s interest in music is well known. According to Dr. Frank, he preferred 

the earlier classics of Bach, Mozart, and Scarlatti. This letter, written January 

12, 1954, was in response to an inquiry from Miss Frances W. Wright, co- 
ordinator of the group of amateur musicians at Harvard Observatory. 





aii. 


Dr. Einstein had his office in Fuld Hall of the Institute for Advanced Study. Here he is seen on his way home from work 
accompanied by the mathematician, Dr. Kurt Goedel. This picture was taken on April 7th this year, by Percy W. Witherell, 
of the American Association of Variable Star Observers. 


his oft-quoted statement to the effect 
that he would rather earn his living with 


his hands, at a plumber’s or shoemaker’s 


job, and do his thinking on his own 
time. When his first great work was 
being done, he was employed in the Swiss 
patent office. 

Einstein’s mind was his laboratory, but 
his thoughts were creative rather than 
routine. While he was working all the 
time, he was always free for the problems 
of others who were interested in similar 
things. When he came to Prague Dr. 
Frank asked the students about his prede- 
Einstein was completely different 
from the other professors, the students 
said. Most of the teachers would tell the 
students to see them only in ofhce hours, 
but Einstein said he had no office hours: 
“You 
day. I am always working on my ideas, 
day and night. When 
interrupt me just a little and then I 


cessor. 


can consult me any hour of the 


you come, you 
continue, so it doesn’t make any differ 
ence when you interrupt.” 

From his interest in the thought of 
others came a special type of kindness 
that people felt. Yet he was more inter- 
ested in social problems, in making life 
better for great numbers of people, than 
in the personal troubles of individuals. 
While it was, therefore, not easy to be- 
come his close friend, he enjoyed be- 
having as an ordinary citizen and talking 
with simple people rather than with 
dignitaries. 

When he first visited New York in the 


'20’s, he was already at the peak of his 
fame. Reporters came on board ship and 
asked him to explain the theory of rela 
Einstein said 
were not 


few 
words 


tivity in a sentences. 
that if the themselves 
taken too seriously, he would suggest the 
following: 

“Before the theory of relativity, people 


believed that if all material bodies were 
to disappear from the universe, men and 
stones and everything, then none the less 
time and would still But 
relativity theory says that this is not true. 
If all material objects were to disappear, 
time and space would disappear too, and 
that is the essence of relativity.” 


space exist. 





A MERGER OF SOLAR 
RESEARCH ACTIVITIES 
(Continued from page 315) 


Colo., and Sacramento Peak, N. M., facili- 
that may become available to 
Smithsonian scientists and observers. 

Concerning the increased importance 
of these studies, Dr. Menzel said: 

“Our work at Harvard in 
physics and in meteors has 
brought us into problems of the upper 
and the broad realm of 
astronomical geophysics. ‘This new cross 
field of study is important and exciting, 
and we are training scientists for work in 
it. ‘The demand for such scientists is 
great, in the government, in universities, 
and in industry. On theoretical lines, our 
studies in aerodynamics have multiple 
application in fields ranging from pure 
astrophysics to the design of airplanes 
or the calculation of shock waves.” 

Dr. Whipple has done much basic work 
on extremely high-speed ballistics and 
aerodynamics in connection with meteors 
and solar system particles in general. He 


ties now 


solar astro- 
already 


atmosphere 


is chairman of the technical panel on 
rocketry of the International Geophysical 
Year, a member of the panel on meteor 
ology of the Air Force Scientific Advisory 
Board, and a member of the Upper At 
mosphere Rocket Research Panel, which 
co-ordinates research by rockets in the 
United States. 

While retaining his professorship in 
astronomy at Harvard and membership 
in the Harvard Observatory council, Dr. 
Whipple will become one of the Solar 
\ssociates, a group of scientists responsi 
ble for co-ordinating the Harvard research 
programs with those at the High Altitude 
Boulder, Colo., the Central 
Radio Propagation Laboratory of the 
National Bureau of Standards, and the 
Upper Air Research Observatory of 
the Air Force. 

Some administrative and 
work will continue in the 
and shops of the Astrophysical Observa 
tory at the 
Washington, and the two observing sta 
tions in Chile California 
maintained. 


Observatory, 


mechanical 
laboratories 
Smithsonian Institution in 


and will be 


June, 1955, Sky AND TELESCOPE 317 





Why Should an Astronomer Study Relativity? 


G. C. MecVirtig, University of Illinois Observatory 


HAT PROFIT is there in an 

astronomer undergoing the men- 

tal agony needed to master the 
intricate and difficult mathematical tech- 
niques without which no real under- 
standing of relativity is possible? 

The popular answer to the question 
that I have posed runs somewhat like 
this: “Einstein proved that Newton was 
wrong, and therefore, if we do not want 
to suffer from the illusions that afflicted 
our predecessors for 200 years or more, 
we must all become relativists.” 

Yet a man who has uttered these words 
does not hesitate to walk out of the house, 
drive to an airport, and fly from there 
to the other end of the country. He per- 
forms these actions with little concern, 
whereas, if he really believes what he has 
just said, he should make his peace with 
his Maker, bid a fond farewell to his 
wife and family, and embark on_ his 
journey with no expectation whatever 
of surviving it. Because every detail of 
the mechanisms in his car and in the air- 
plane he uses has been calculated in ac- 
cordance with the theory of Newton and 
on the firm conviction—rightly held by 
engineers—that Newton, far from being 
wrong, is unquestionably right and has 
been proved to be right to as many deci- 
mal places as are needed. 

My answer to the question, “Why 
should an astronomer study relativity?” 
is quite a different one: By studying 
relativity we are forced to examine our 
prejudices about the nature of the phys- 
ical universe and our _ preconceptions 
about such notions as distance, motion, 
and time, until we realize that these 
prejudices and preconceptions are not 
unalterable truths but ideas that we can 
modify without landing ourselves in con- 
tradictions. Once this is grasped, it also 
dawns upon us that relativity is not, as 
is often stated, a “revolution in physics.” 
It is instead a method of prizing out of 
our minds certain fixed ideas with which 
we have been brought up and that we 
are usually quite unconscious of holding. 
It is not physics that is being revolution- 
ized, but the astronomer or physicist, and 
he rarely takes kindly to the operation. 

There is a preliminary question we 
must ask because both Newton and Ein- 
stein are concerned with it. ‘What is 
mechanics?” In my view, this discipline 
seeks to tell us how but not why bodies 
move. If we know where a moving ob- 
ject is at the present moment and also 
what its speed and direction of motion 
are, can we lay down rules for calculating 
where it will be and how it will be mov- 
ing at some later time? These rules, to 
be useful, should apply to all kinds of 


$18 Sky AND TELEscoPE, June, 1955 


motions, to the apple falling in New- 
ton’s garden as well as to the moon in 
the sky, to the motion of an airplane 
through the air and to the stream of 
particles ejected by the sun that cause 
a radio fadeout when they hit the earth. 

As to the distinction between the How 
and Why in the motion of bodies, con- 
sider the inverse square law of gravita- 
tion. We can say that Newtonian rules 
of calculation enable us to predict what 
the planets will do, if we assume that 
the inverse square law describes a force 
in Newton's sense of this term. The force 
is then merely an aid in the process of 
calculating, and we need not concern 
ourselves as to whether it exists or not, 
whether it is real or not. But the mo- 
ment we say, “The planets move in their 
orbits because the inverse square law of 
attraction exists and keeps them there,” 
we are encroaching on the realm of the 
Why. 

In doing so, I contend that we are em- 
barking on scientific poetry and over- 
stepping the necessities of our problem, 
the prediction of planetary motions. An- 
other set of rules, such as those proposed 
by Einstein in his treatment of gravita- 
tional motions, may enable us to perform 
our calculations just as well and to sat- 
isfy the observations just as accurately. 
What we should have said is that we 
can describe the present, past, and future 
motions of the planets by using Newton’s 
rules of calculation, together with his pos- 
tulated inverse square law of attractive 
force; but we can also describe them—in 
some details more accurately, in others 
perhaps less accurately—by  Einstein’s 
rules, together with his postulated curva- 


Aberration: The motion of the earth 

requires that a telescope be pointed 

ahead of a star’s actual direction in 

space. From “Astronomie,” by Rudaux 
and de Vaucouleurs. 


ture of space-time. In either case our 
system of mechanics enables us to deal 
with the How of motion, but in neither 
case have we a clue as to the Why. 

The particular prejudices connected 
with speed, or velocity, and distance may 
be examined with a very simple example. 
When we travel in a car at a steady speed 
of 50 miles an hour and are overtaken by 
another car traveling steadily at 60, it is 
regarded as a self-evident truth that the 
overtaking car is drawing away from us at 
60 — 50 = 10 miles per hour. On the 
other hand, the relative speed of our own 
and an approaching car (on the other 
side of the road, we hope) traveling 60 
miles per hour would be 60 + 50 = 110 
miles per hour. What, however, do I 
mean when I say that these are self- 
evident truths? 

By careful examination of the matter, 
one discovers that consistency is the test 
of the alleged self-evidence. It has been 
found that a consistent description of the 
motions of automobiles can be given if 
we assume that the relative speed of two 
cars traveling in the same direction is 
the difference of their speeds relative to 
the road; and that if they are approach- 
ing one another their relative speed is 
the sum of their speeds relative to the 
road. This rule for calculating relative 
speeds by simply adding or subtracting 
the speeds of bodies referred to some 
common standard—in this case, the road 
—is basic in Newtonian mechanics. But 
observe, incidentally, that speed is an am- 
biguous term until we specify the object 
relative to which it is measured. 

It has been found in practice that an 
immense class of motions of bodies in 
astronomy, in physics, and in engineering 
practice, can be consistently described by 
means of this Newtonian rule for com- 
pounding velocities. That it has come 
to seem like a self-evident truth is simply 
due to the countless times it has been 
verified by experiment and observation. 
But this unfortunately does not guarantee 
that it will always be true of necessity; we 
may eventually find types of motion in 
which application of the Newtonian rule 
ceases to give a consistent account of the 
facts. 

Light is one entity whose motion, in 
certain circumstances at least, fails to give 
consistency when this Newtonian rule is 
used. As far as laboratory experiments 
and most astronomical observations are 
concerned, the speed of light is constant 
and amounts to some 186,000 miles per 
second. But certain phenomena in which 
the speed of light enters are particularly 
interesting because they illustrate very 
clearly that the laws of mechanics are 








STAR 
(APPARENT) 
: 


STAR (TRUE) 
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The apparent direction of a star is 
along the resuliant of the velocity of 
light from the star and the orbital 
velocity of the earth. A star at the 
pole of the ecliptic appears to trace 
a small circle (a) each year; stars in 
intermediate celestial latitudes trace 
ellipses (b); and a star on the ecliptic 
appears to oscillate back and forth (c). 
The maximum displacement by aber- 
ration is 204} seconds of arc from the 
star’s true direction. 


not unalterable truths about nature but 
merely methods of calculation or ways 
of interpreting physical data. 

For example, there is a well-established 
astronomical phenomenon called aberra- 
tion, by which every one of the fixed stars 
traces out annually on the celestial sphere 
a small oval-shaped path. This can be 
interpreted by Newton’s rule for com- 
pounding velocities as an effect of com- 
bining the earth’s speed in its orbit (18 
miles a second) with the speed of a light 
ray coming from a star.. As far as_ this 
particular application of Newton’s theory 
can be checked observationally, the pre- 
diction is in agreement with observation. 

But in the latter part of the 19th cen. 
tury, two American scientists, Michelson 
and Morley, devised an apparatus which 
provided data of a new kind on the rela- 
tive motion of light and of the earth. 
They intended to determine the speed of 
the earth in its orbit by means of an 
earth-borne optical experiment. This ex- 
pectation was based on calculations that 
made use of Newton’s rule for compound- 
ing velocities—regarded for two centuries 
as a self-evident truth. The result of the 
experiment gave the speed of the earth 
as zero, within the limits of experimental 
error, instead of 18} miles per second. 
And this was in spite of the fact that 
Michelson and Morley had shown that 
their observational technique was deli- 
cate enough to detect the earth’s motion 
even if its speed had been very much 
smaller than 18} miles per second. Thus, 
while the phenomenon of aberration is 
interpretable in terms of Newton’s theory, 
the phenomena observed by Michelson 
and Morley are not, though at first sight 
we might expect them to be. 

Looking back over seven decades to 
the stir that the Michelson-Morley experi- 
ment made in scientific circles, it is not 
difficult to recognize its cause. One of 


the prejudices of the time was that a 
system of mechanics had to be all-embrac- 
ing; it was regarded as self-evident that 
every example of motion had to be con- 
sistent with such a system. Today we are 
sadder, though I doubt if we are wiser 
men. We are resigned to using three 
systems of mechanics constructed on log- 
ically incompatible bases, Newton's, Ein- 
stein’s, and the quantum mechanics of 
the, atomic scientists. In a general way, 
we ‘can associate each system with a dif- 
ferent class of phenomena involving mo- 
tion, and we regard each system as true 
only within the class to which it refers. 
All-embracing systems arouse less and less 
interest, though some of the older scien- 
tists, and Einstein in particular, have 
clung to the hope of producing a unified 
theory of this kind. 

Einstein’s interpretation of the Mi- 
chelson-Morley experiment amounted to 
the construction of a system of mechanics, 
different from Newton’s, in which the rule 
of compounding velocities by simple 
addition or subtraction was replaced by 
a more complicated one. It could be 
proved, however, that Einstein's rule re- 
duced to Newton’s when the relative 
speeds were small compared to that of 
light. In order to achieve this new sys- 
tem, it revise certain 
then-held preconceptions, among others, 
the idea of distance. Up to Einstein's 
time it had been supposed that the dis- 
tance between two objects was an abso- 
lute property, that their separation in 
space was something intrinsic and de- 
pended neither on who measured the 
distance nor on what 
for the measurement. 


Was necessary to 


means were used 
It is true that dif- 
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DIRECTION OF 
EARTH'S ORBITAL 
lle 


MOTION 
In the Michelson-Morley experiment, 
a half-silvered mirror, M, sends part 
of a beam of light to mirrors A and 
B, which reflect it back to C, where 
interference fringes are formed. Classi- 
cal theory predicts that the fringes 
should be displaced as the apparatus 
slowly rotates around M, as a conse- 
quence of the difference in travel 
times of light perpendicular to and 
parallel to the earth’s motion. The 
special theory of relativity accounts 
for the lack of fringe displacement 
as a direct result of the shortening 
of the apparatus in the direction of 
its motion—a case of Lorentz-Fitzgerald 

contraction, 














terent ways of measuring distance had not 
always given exactly the same result, but 
it was taken to be self-evident that one 
of the distances was the 
and that the others were “incorrect.” 
[his absolute property attributed to 


“correct” one 


distance was disguised by asserting that 
the fundamental way of measuring dis- 
tance was with a rigid measuring rod. 
But what is a rod of this kind? It is sup- 
posed to be a rod the distance between 
whose ends is absolute, a statement that 
tells us nothing and is indeed a beautiful 
example of a circular definition. Further- 
more, surveyors use flexible metal tapes 
that are anything but rigid, and they 
strive for consistency in their networks of 
distance measurements. They have laid 
down rules for the use of their tapes and 
rules for “corrections” to their readings 
that will lead to the same distance be 
tween Boston and New York whether the 
original base line from which the tri 
angulation of the United States begins 
is laid down in Oregon or in Texas. 

As we know, one ingredient in the de 
termination of distances within the solar 
system is the measurement, by surveyors’ 
methods, of the distance between two o1 
more astronomical observatories on Earth. 
Thus ultimately astronomical 
depend, not on measurements with rigid 
rods, but on those made with the flexible 


distances 


metal tapes of the surveyor. Once again 
the test Can 
the dimensions of the sun and _ planets 
and their mutual distances, without ar 
riving at a contradiction, by starting from 
the surveyors’ base line measured on earth 
and working outward? The 
and large appears to be in the affirmative. 

Relativity that we must 
specify clearly how the distance is to be 
measured, and by whom. 
agree that it is to be done by observer A 
Then observer B, also 


is consistency: we describe 


answer by 


theory says 


Suppose we 


using metal tapes. 
using tapes of the same kind, but who is 
in constant relative motion with respect 
to A, will not assign the same values as 
\ does to the distances between events. 
The difference depends on the ratio of 
the square of the relative velocity of A 
and B to the square of the velocity of 
light, and is therefore negligibly small 
for practical purposes on Earth, except 
when we are discussing the motions of 
atomic particles, as in cyclotrons or beta 
trons. 

It might be argued that the speeds of 
planets and stars are also very small 
compared with that of light, and we 
can still assume that astronomical dis- 
tances are absolute. But this would 
amount to tying down the relativity of 
the distance between two events solely to 
the mutual relative speeds of the ob- 
servers who measure it. We would lose 
sight of the general principle introduced 
by relativity theory: The distance be 
tween two events is not an intrinsic prop- 
erty of the events themselves, quite inde- 
pendent of who measures the distance 
and by what method. Once a doubt has 
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been introduced by the demonstration 
that the relative speed of the observers 
measuring a distance is an ingredient in 
its value, we cannot return to the happy 
belief that all astronomical distances are 
unique and absolute. If we do, it is by 
an act of faith. 

Ihe speeds of planets and stars are 
small compared with the speed of light, 
and this is true throughout the Milky 


Way galaxy of some two or three billion 
stars. But are there celestial objects whose 
motions relative to our galaxy are large 
fractions of the velocity of light? Up to 
30 years ago, the answer would almost 
certainly have been that there were none. 
But the 100-inch and 200-inch telescopes 
of Mount Wilson and Palomar Observa- 
tories are providing us with illustrations 
of high-speed motions of this kind. 

The first step was the realization that 
our own galaxy is not unique and that 
there are at least hundreds of millions 
of other such stellar systems, also called 
galaxies. The largest were found to be 
some 100,000 light-years across, while the 
average distance between neighboring 
galaxies is of the order of two or three 
million light-years. When the light reach- 
ing us from a distant galaxy is analyzed 
spectroscopically, there is revealed a red 
shift of its spectral lines. It was soon es- 
tablished that the fainter a galaxy was, 
and presumably on the average more re- 
mote, the larger was its red shift. E. P. 
Hubble soon interpreted these observa- 
tions in terms of essentially Newtonian 
ideas by saying, first, that the red shift 
was evidence of a motion of recession; 
second, that the brightness of a galaxy 
was an index of its distance; and third, 
that the relationship between these quan- 
tities was: Velocity of recession is propor- 
tional to distance. 

If the red shift in the spectrum of a 
galaxy is indeed an indication of relative 
motion, then these velocities are large 
fractions of the velocity of light. The 
greatest published speed is 38,000 miles 
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per second, or about one fifth that of 
light. Can we, in the light of relativity 
theory, accept the Newtonian interpre- 
tation of the data in terms of a simple 
proportionality of velocity to distance? 

What does an astronomer mean when 
he says that a galaxy is 8, 25, or 500 mil- 
lion light-years away? How does he con- 
nect statements of this kind with the only 
direct measurement he can make on the 


A group of spiral 
galaxies in Grus, all 
of about photo- 
graphic magnitude 
12. Above are NGC 
7599 (left) and 7590. 
Below them is NGC 
7582. North is at the 
top in this two-hour 
exposure made with 
the 69-inch reflector 
near Bloemfontein, 
South Africa. Har- 
vard Observatory 


photograph. 


more distant objects, the brightness of 
the galaxy? He observes the apparent 
magnitude, m, which is a measure of the 
brightness of the galaxy, and compares 
this with the absolute magnitude, M, 
which represents its intrinsic brightness. 
The latter he arrives at by a variety of 
indirect means. He then uses m and M 
to define a distance, D (in light-years), 
by means of the formula, 
log D = 0.2 (m — M) + 1.51. 

Underlying this formula, however, is 
the hypothesis—to which astronomers have 
become so accustomed that they rarely 
think of it—that the brightness of a light 
source falls off inversely as the square of 
its distance. If the source is placed twice 
as far away, its brightness will be reduced 
to a quarter of its original value; if three 
times as far away, to one ninth, and so 
on. Two consequences follow from this 
property of D which were revealed when 
relativity theory was applied. 

The first is that, if a galaxy shows a 
red shift of amount 4, say, then the for- 
mula for D becomes 

log D = 0.2 [m — F (8) — M] + 1.51. 
In other words, D no longer depends on 
m and M alone but also on F, a certain 
complicated function of §. True to his 
prejudice that D is an absolute distance 
and that the formula “ought” to be the 
first and not the second, the astronomer 
likes to subtract F (8) from m and call 
the result the “corrected” apparent mag- 
nitude. Perhaps he would be better ad- 
vised to call it the ‘‘falsified” apparent 
magnitude! 


The second consequence is even more 
curious. It follows from the theory that 
D is not the only definition that can be 
given for the distance of the same galaxy. 
For example, if the angular diameter of 
the galaxy could be measured, then the 
distance so determined would not equal 
D but would be 

d = D (1 + 8)-2. 

Thus, relativity theory shows again in this 
cosmological problem that distance is not 
a unique quantity but depends on how 
you measure it. By means of the apparent 
magnitude you arrive at D, the so-called 
luminosity distance; by apparent angular 
diameter measurement, the distance is d. 
Neither distance is truer or falser than 
the other; both are possible definitions 
of distance and either gives a consistent 
picture of the data. In practice, the 
distances of galaxies given in print are 
always luminosity distances. 

Since the distance of a galaxy cannot 
be uniquely defined, neither can _ its 
velocity of recession, for the term ve- 
locity is meaningless unless we have stated 
it as the rate of change with time of some 
distance. Originally, Hubble tried to 
short-cut his difficulty by stating that the 
velocity was simply the red shift multi- 
plied by the speed of light. This is good 
enough so long as the red shift is small, 
for the velocity of recession so defined 
is then indeed the rate of change of lumi- 
nosity distance. But as soon as we go to 
larger red shifts and to larger luminosity 
distances, the relationship breaks down. 

In my own view, the interpretation of 
the data in terms of velocities of recession 
and distances is unnecessarily complex. If 
we work in terms of red shifts and ap- 
parent magnitudes—the two quantities 
that are observed—we can construct a 
theory of the expansion of the universe 
in agreement with relativity, in which the 
expansion is not made to depend upon 
some preselected type of distance. Work- 
ing on these lines, I have been able to 
show from the latest available data that 
the expansion of the universe is, at the 
present moment, in the process of slow- 
ing down. How the brakes are being 
applied, I cannot tell you; I can only re- 
port that this is the result to which the 
observational data combined with rela- 
tivity theory lead me. 

I have attempted to give some idea of 
what the impact of relativity on astron- 
omy has been. The data of observation 
are, as ever, inviolate; it is their interpre- 
tation that theory affects. Relativity 
forces us to examine each step of our 
interpretative arguments to find out if 
each apparently self-evident step is really 
consistent with those that have preceded 
it. In this way we hope to discover an 
interpretation which, though it is not 
true in any eternal sense, is really self- 
consistent in terms of our present avail- 
able data. 


This article is from_a lecture delivered by Dr. 


McVittie before the Cleveland Astronomical So- 


ciety, April 1, 1955.--ED. 





AMERICAN 


ASTRONOMERS 


REPORT 


Here are highlights of some papers presented at the 92rd meeting of the American Astronomical Society 


at Princeton, N. J., in April. Complete abstracts will appear in the Astronomical Journal. 


Orientation of Galaxies 

A marked tendency for the galaxies in 
a region of the constellation Cetus to have 
parallel central planes has been found by 
Dr. S. P. Wyatt, Jr., and F. G. Brown, 
of the University of Illinois Observatory. 
While such parallelism had been  sug- 
gested before, their careful study of 812 
galaxies (down to 0.7 minute of arc in 
diameter) firmly establishes it. They used 
plates taken with the Curtis Schmidt tele- 
scope of the University of Michigan Ob- 
So markedly do the longest 
axes of these galaxies tend to point 
toward position angle 130° that the 
probability of this occurring from chance 
alone is only | in 100,000. 

These 812 galaxies also show a_pre- 
dominance of edge-on _ presentation 
greater than would be expected from 
chance. This, however, is not necessarily 
another indication of parallelism; as the 
authors point out, it may be a selection 
effect, since edge-on galaxies should have 
a greater surface brightness and hence 
be more readily detectable. 

This tendency of galaxies to show a 
parallel arrangement is perhaps of con- 
siderable cosmological significance, as it 
is among the first indications of non- 
random characteristics of galaxies. 


servatory. 


Dwarf Cepheids 

Several lines of evidence 
RR Lyrae-type — (cluster-type) 
stars with periods of less than 1/5 day 
form a distinct class different from the 
ordinary RR Lyrae stars of longer period, 
according to Dr. Harlan J. Smith, of Yale 
University Observatory. 

For two of 11 stars of this kind, trigo- 
nometric parallaxes are known; for the 
methods based on 
used. ‘Their 


show. that 
variable 


statistical 
must be 


others, 


proper motions 
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absolute magnitudes appear to range 
from +4 at periods of 1/20 day to about 
+1.5 at 1/5 day, making these objects 
distinctly less luminous than ordinary 
RR Lyrae variables, whose absolute mag- 
nitudes are close to 0.0. 

Dr. Smith believes that stars of this 
new class, which he calls dwarf Cepheids, 
have very small radii. He finds that, with 
a single dubious exception, none of these 
stars is known in globular clusters, many 
of which contain numerous RR Lyrae 
variables. 


Spiral Structure 
of the Milky Way 


In mapping the spiral arms of our 
galaxy by radio astronomy techniques, 
the direction and line-of-sight velocities 
of neutral hydrogen clouds are observed 
in 2l-cm. radiation. The distance of each 
cloud is inferred from its velocity, with 
the aid of the theory of galactic rotation. 

One puzzle has been that the spiral 
arms traced in this manner are nearly 
circular concentric arcs, not converging 
strongly, as they do in other spiral gal- 
axies that we photograph. Two papers, 
respectively by Mrs. V. C. Rubin, George- 
town College Observatory, and Dr. F. 
K. Edmondson, Indiana University, seek 
to remove this discrepancy by modifying 
the hitherto simple model of galactic ro- 
tation, which postulates circular orbits. 

Mrs. Rubin suggests that each hydrogen 
cloud is moving inward along its spiral 
arm at 20 kilometers per second, in addi- 
tion to having the rotational velocity 
predicted by J. H. Oort. This assumption 
alters the distances of the clouds, those 
between galactic longitude 250° and 300° 
being placed farther from the center, the 
others closer. The semicircular arm ob- 
tained by Oort (Sky and Telescope, Oc- 
tober, 1954, page 408) is modified so the 
arm spirals in from a center distance of 
11.6 kiloparsecs at longitude 205° to 
9.4 kiloparsecs at 345°. 

Dr. Edmondson similarly proposes that 
each cloud is moving, not at right angles 
to the line joining it with the galactic 
center, but in a direction four degrees 
inward. Analyzing the 2l-cm. observa- 
tions on this basis, he obtains the accom- 


Left: This diagram by Dr. Edmondson 
is based on a motion inward of four 
degrees. This modifies considerably 
the map of the spiral arms on page 
408 of the October, 1954, issue. 


Right: The region near the sun as 

originally plotted and as modified by 

Dr. Edmondson. Indiana University 
diagrams. 


panying revised representation of the 
spiral arms, with strong inward curvature. 

The Indiana astronomer pointed out 
that in the direction from the sun oppo- 
site to the center of the galaxy, toward 
longitude 145° in Auriga, the two ends 
of the arm seemed heretofore to be at 
different distances from the center. The 
diagram showing the angle g equal to 0° 
indicates this condition, but when_ his 
angle of 4° inward is adopted the “kink” 
is eliminated—the broken ends of the arm 
point squarely toward one another. 

One consequence of both Dr. Ed- 
mondson’s and Mrs. Rubin's theories 
would be that the spiral arms of the 
Milky Way are collapsing inward fairly 
rapidly. 


Origin of Solar Flares 


The occurrence of solar flares—brief, 
intensely bright disturbances on the sun 
that cause radio fadeouts, magnetic 
storms, and bright auroras on the earth— 
may be explained by a theory proposed 
by Drs. W. O. Roberts and D. E. Billings, 
of the High Altitude Observatory. Earlier 
hypotheses had ascribed the flares to 
electrical discharges in the sun’s atmos- 
phere. 

The Colorado astronomers suggest that 
an active prominence surging upward 
above the solar surface could be halted 
by magnetic fields in the solar atmos 
phere. As the surge was reflected by the 
field, there would be an interpenetration 
of rising and downward reflected ma- 
terial. The kinetic energy of the promi 
nence would suddenly be converted into 
heat, and an intensely hot spot would 
then appear on the sun, fading away 
within minutes or hours. 

The total kinetic energy of a surge 
prominence of fair size (diameter, 30,000 
kilometers; height, 70,000 kilometers; 
mean velocity, 300 kilometers per second) 
is about 1082 ergs, as it passes through 
the sun’s chromosphere. If such a surge 
is sharply arrested by a magnetic field 
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Members and guests at the meeting of the American Astronomical Society, Princeton University Observatory, April 3-6, 1955. 
Photograph by Orren Jack Turner. 


The numerical key for this group 81 G, 82 A, 83 S, 84 H, 85 W, 86 G, 87 C, 


photograph is simplified to show the last 88 S, 89 S. 


name initial of each person; to identify a 90 C, 91 M, 92 H, 93 C, 94 O, 95 H, 96 S, 
97 8 9¢ 4 ? 7 7 
familiar face, it is necessary only to peruse 97 D, 98 S, 99 K, 100 F, 101 J, 102 W, 103 W, 


. aa? : 104 W, 105 S, 106 H, 107 R, 107A H, 108 M, ’ 

the names with that initial letter in the 109 K. 110 C, 111 J, 112 D, 113 R, 114 M. M. , 242 H, 243 D, 244 D, 245 C, 

alphabetical list. The presence or absence 5,5 p’ 116 RB 117 ¢ 118 C. 119 P ‘ay , San 80e C. 396 Cant 8 
of persons known by name can be checked 120 W, 121 M, 122 M, 123 H, 124 N, 125 S, 159 T. c ; - date 

quickly in the alphabetical list. 126 K, 127 M, 128 C, 129 O, 130 V, 131 W, 
132 H, 133 M, 134 WV, 135 P, 136 oO, 137 « Al PHABETICAL INDEX 

KEY TO PHOTOGRAPH 138 B, 139 M, 140 M, 141 B, 142 M, 143 B, 216, C. Abbot, Smithsonian Inst.; 223, Mrs. 

1 M, 2 unidentified, 3} S, 4 L, 5 M, 6 R, 7 L, 144 M, 145 D, 146 A, 147 M, 148 G, 149 R. Abbot; 239, A. Adel, Arizona State; 146, H. 

8 N, 9 M, 10 O, 11 H, 12 B, 13 H, 14 S, 15 M, 150 H, 151 S, 152 B, 153 L, 154 O, 155 E, Alden, LM; 41, Miss L. Allen, Hood; 82, L. Aller, 
16 K, 17 S, 18 K, 19 H, 20 B, 21 W, 22 M, 156 M, 157 G, 158 W, 159 W, 160 F, 161 S, M; 246, I. Aron, OS; 48, G. Athay, HA. 

23 S, 24 K, 25 S, 26 H, 27 R, 28 B, 29S. 162 O, 163 E, 164 S, 165 O, 166 S, 167 G, 251, W. Baade, MWP; 50, Miss I. Barney, Y; 

30 H, 31 S, 32 T, 33 S, 34 K, 35 T, 36 M, 168 K, 169 N, 170 W, 171 F, 172 C, 173 G, 229, Mrs. E. Barnhart, I; 222, P. Barnhart, 1; 

37 B, 38 S, 39 R, 40 C, 41 A, 42 C, 43 H, 44 L, 174 K, 175 H, 176 N, 177 S, 178 W, 179 E. 62, W. Beardsley, Allegheny; 152, F. Bertiau, S.J., 

45 S, 46 F, 47 B, 48 A, 49 W, 50 B, 51 P, 52 G, 180 D, 181 S, 182 B, 183 E, 184 M, 185 B, Ye; 28, L. Biermann, Max Planck Inst., Goet 

$3 H, 54 H, ss W, $6 H, $7 S, $8 H, 59 B. 186 D, 187 M, 188 G, 189 H, 190 G, 191 G, tingen, Germany; 37, Mrs. Biermann; 143, L. Bin- 

W, 62 B, 63 V, 64 H, 65 D, 66 G, 192 V, 193 S, 194 G, 195 F, 196 W, 197 S, -endijk, Pa; 141, A. Blaauw, Ye; 138, V. Blanco, 

H, 203 F, WS; 116, W. Blitzstein, Pa; 59, A. Boggess, 

Johns Hopkins; 47, Mrs. Boggess; 12, B. Bok, H; 
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60 L, 61 
67 C, 68 D, 69 M, 70 G, 71 S, 72 D, 73 V, 198 M, 199 C, 200 G, 201 M, 202 


74 H, 75 °K, 76 M, 77 Z, 78 H, 79 U, 80 W, 204 P, 205 P, 206 P, 207 M, 208 M, 209 P. 
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20, Mrs. Bok; 185, W. Bozman, NBS; 182, 
B. Burke, CIW. 

249; R. Cameron, G; 245, Mrs. W. Cameron, 
N; 128, Miss M. Cantwell, Dorchester, Mass.; 
172, J. Chamberlain, Ye; 90, S. Chandrasekhar, 
Ye; 67, G. Conant, H; 93, Miss M. Connelley, 
Mt. Holyoke; 42, P. Conti, RPI; 250, A. Cook, 
H; 117, C. Cook, H; 199, C. Corliss, NBS; 118, 
R. Cormier, MIT; 110, A. Cox, Los Alamos; 40, 
J. Cox, Cornell; 87, J. Cuffey, I. 

68, G. Daniels, UA; 112, A. Davis, California; 
180, G. Davis, Buffalo, N. Y.; 186, Mrs. G. Davis; 
238, M. Davis, North Carolina; 65, E. Dennison, 
UA; 115, G. Dimitroff, Dartmouth; 227, Miss H. 
Dodson, McM; 72, L. Doherty, M; 244, R. Dun- 
combe, N; 243, Mrs. Duncombe, N; 97, T. 
Dunham, Rochester, N. Y.; 145, E. Dyer, LM. 

163, F. 155, Mrs. Edmondson; 
179, H. 215, G. Elste, M; 225, 


Edmondson, I; 
Eichhorn, LM; 
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J. Evans, UA; 183, Miss A. Ewing, Science Service. 

46, Miss A. Farnsworth, Mt. Holyoke; 195, 
C. Federer, H; 160, a, Firor, CIW; 203, Miss E. 
Flather, Sp; 100, R. Fleischer, RPI; 171, K. 
Franklin, CIW. 

70, Mrs. C. Gaposchkin, H; 86, S. Gaposchkin, 
H; 81, Peter Gaposchkin; 52, T. Ye; 
167, O. Gingerich, H; 173, Mrs. Gingerich; 191, 
Mrs. L. Goldberg, Ann Arbor, Mich.; 190, David 
Goldberg; 188, Edward Goldberg; 200, Suzanne 
Goldberg; 157, Mrs. S. Gossner, N; 66, G. Grant, 
Ye; 148, L. Green, Haverford; 219, R. Grenchik, 
I; 194, D. Guthrie, Louisiana State. 

19, R. Haerm, Pr; 232, Mrs. Haerm; 78, G. 
Hall, N; 107A, J. Hall, N; 84, I. Halliday, 
Dominion; 237, Miss M. Harwood, Maria Mitchell; 
212, T. Hatanaka, Cornell; 30, G. Hawkins, H; 
13, J. Heard, DD; 242, Miss R. Hedeman, McM; 
26, D. Heeschen, Van Vleck; 231, A. Heiser, I; 


Gehrels, 


240 


132, L. Helfer, CIW; 56, C. Hemenway, Union; 
54, Mrs. N. Hepburn, NRL; 92, H. Hertz, N; 
95, G. Herzberg, Nat’l. Res. Coun. Canada; 106, 
F. Heyden, S.J., G; 150, C. Heynekamp, M; 43, 
Miss S. Hill, Wellesley; 74, A. Hoag, N; 123, Miss 
D. Hoffleit, H; 11, R. Howard, Pr; 53, W. 
Howard, H; 64, H. Hubenet, I; 58, Mrs. Hubenet; 
189, C. Huffer, Washburn; 175, J. Hynek, OS; 
202, Mrs. Hynek. 

111, L. Jacchia, H; 101, C. 
75, Mrs. M. Kassim, H; 174, G. 
Kennedy, Naval Ord. Lab.; 16, Mrs. C. Kiess, 
Washington, D. C.; 34, N. Kiess, NBS; 99, D. 
Kimball, Y; 247, H. Ko, OS; 109, R. Koch, Pa; 
18, A. Kolb, M; 253, J. Kraus, OS; 168, M 
Krook, H; 126, R. Kushwaha, Pr. 

4, D. Lautman, Pr; 60, R. Lawrence, NBS; 7, 
D. Layzer, H; 153, W. Liller, M; 44, A. 
Amherst; 137, Miss S. Lippincott, Sp. 

208, Mrs. H. Malitson, NRL; 240, I. Malitson, 
NBS; 36, R. Mathews, Goodsell; 201, S. Matsu 
shima, Haverford; 76, Mrs. M. Mayall, AAVSO; 
5, E. McClain, NRL; 91, R. McCrosky, H: 
226, D. McLaughlin, M; 140, R. McMath, McM; 
15, G. McVittie, Ill; 9, A. Meltzer, Pr; 144, I 
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Mendoza, Ye; 69, K. Menon, H; 127, D. Menzel, 
H; 187, Mrs. Menzel; 184, J. Merrill, Ohio 
Wesleyan; 207, Mrs. J. Merrill; 198, John Merrill, 
Jr.; 147, P. Merrill, MWP; 22, L. Mestel, Pr; 
142, G. Miczaika, H; 133, A. Mikesell, N; 1, F. 
Miller, M; 121, W. Miller, S.J., Vatican; 108, 
W. A. Miller, RCA Labs; 156, J. Milligan, M; 
114, R. Moore, NBS; 139, G. Mulders, Office of 
Naval Research; 122, G. Mumford, LM. 

8, J. Nassau, WS; 233, G. Newkirk, Evans 
Signal Corps; 169, S. Nicholson, MWP; 176, 
Mrs. Nicholson; 124, Miss R. Northcott, DD. 

10, J. Oke, DD; 94, J. O'Keefe, Army Map 
Service; 165, Miss M. Olmsted, H; 162, V. 
Osvalds, LM; 154, Mrs. Osvalds; 129, A. Osvalds; 
136, G. Osvalds. 

204, C. Perry, I; 51, R. Petrie, Dominion 
Astrophysical; 205, K. Pierce, McM; 211, Mrs. 
Pierce; 221, Barbara Pierce; 217, John Pierce; 
206, Ross Pierce; 209, J. Pike, Rochester; 119, 
W. Pinson, MIT; 135, Mrs. Pinson; 228, I. 
Rabinowitz, Inst. for Advanced Study; 6, E. 
Reuning, Washington, D. C.; 39, Miss M. Risley, 


of 100 to 500 gauss, and all the energy 
goes into adiabatic compression, the 
temperature rise would exceed a million 
degrees absolute, and the compression 
factor would be 1,000. Copious ultra- 
violet radiation, a characteristic of bright 
flares, would result from such high tem- 
peratures and pressure. 

In agreement with this proposal are 
analyses of radio observations by M. 
Davies, who has suggested independently 
that the ionized gas producing radio 
noise associated with flares is simultane- 
ously moving upward and downward at 
the 3,000-kilometer heights at which most 
flares probably occur. 


Polarization of Starlight 


It has been known since 1948 that 
light from stars of early spectral types is 
partly plane-polarized, an effect believed 
due to interstellar dust grains which are 
clongated and tend to have their longest 
axes parallel. Such polarization measure- 
ments had been made only in the north- 
ern sky until Mrs. Elske v. P. Smith, of 
Harvard Observatory, observed about 200 
stars in the southern Milky Way, between 
the constellations Puppis and Scutum. 
Her measurements were made at the Boy- 
den station in South Africa. 

This new work shows a strong tendency 
for the planes of polarization (defined by 
the plane of the maximum electric vec- 
tor) to be parallel to the galactic equator. 
The polarization data can be related with 


Randolph-Macon; 149, P. Roberts, Ye; 107, W. 
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the spiral arms of the Milky Way system, 
as traced by the observations of T. Houck 
and A. Code, Washburn Observatory, 
and by Harvard astronomers. In_ those 
regions where it appears that we are 
looking along spiral arms, as in Vela and 
Carina, the amount of polarization is 
small, and the directions of the planes 
of polarization scatter widely. Between 
Crux and Scorpius, on the other hand, 
the polarization is far more uniform; ap- 
parently here the next inner spiral arm 
lies perpendicular to the line of sight. 

While Mrs. Smith finds that polariza- 
tion data and spiral structure are related, 
she points out that local effects, such as 
polarization by the Coalsack in Crux (at 
galactic longitude 270°) cannot be ig- 
nored. 


Radio Noise from Jupiter 

Since last summer, at Seneca, Md.. 
scientists of the Carnegie Institution ol 
Washington have been using a_ radio 
antenna of the ‘Mills type for 
astronomical observations. The antenna 
system consists of two 2,047-foot rows of 
66 dipoles each, intersecting nearly at 
right angles, and occupying a 96-acre 
field. 

For sky survey purposes, this highly 
directional array is used as a_ transit 
instrument, observing objects as they are 
carried into its elliptical beam (1.6 by 
2.4 degrees) by the earth’s rotation. The 
wave length used was 13.5 meters, cor- 


cross” 


responding to a frequency of 22 mega 
cycles. 

An unexpected finding during a sur 
vey at declination +22°, reported by 
Drs. B. F. Burke and K. L. Franklin, 
was a very strong source of noise in the 
direction of Gemini. On nine out of 30 
transits in early 1955, very intense, 
irregular bursts were observed. These 
occurred only during the six minutes 
that Jupiter was crossing the beam, and 
changes in the position of the source 
corresponded to the normal movement 
of Jupiter over a jperiod of several 
months. Uranus, also in the field, was 
ruled out, for its apparent motion did 
not agree with that of the source. 

Simultaneous bursts have been detected 
at 10 meters with a simple antenna, but 
there is some evidence that this phenome 
non cannot be observed at 7.8 meters 
Further observations are needed to de 
termine the range of wave lengths over 
which these outbursts occur on Jupiter. 

No satisfactory explanation of the 
radio noise from the largest planet has 
been advanced. Electrical discharges in 
the planet’s atmosphere, producing radio 
“static” as terrestrial lightning does, 
would have to be on an enormously 
greater scale than on earth to account 
for the observed intensity of the radio 
noise. 

rhe Carnegie Institution radio astrono 
mers intend to study Saturn to find out 
if it also is a radio source. 
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In this chart, stars for 
which zero polarization 
was observed are indi- 
cated by small dots. 
The amount of polari- 
zation is proportional 
to the length of the 
line for each star. Vela 
is roughly at 240°, 
Carina at 255°, Crux 
at 270°, and Scorpius at 
320°. Harvard Observa- 
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NEWS NOTES 


IAU CATALOGUE OF 
DISCRETE RADIO SOURCES 


Radio astronomy has progressed to the 
point where it is desirable to set up a 
uniform system for cataloguing localized 
sources. Dr. J. L. Pawsey, president of 
Commission 40 of the International 
Astronomical Union, has published in 
the January Astrophysical Journal a cata- 
logue of reliabiy known discrete sources 
of cosmic radio noise. The catalogue was 
compiled early in 1954. 

The designation system is to use two 
numbers for the hours of right ascension, 
N or S for north or south declination, the 
tens digit of the declination, and a serial 
letter, beginning with A for the first 
known object at a particular position, 
B for the second, and so forth. Thus, 
O8S4A designates the Puppis source at 
8" 20", —42° 30. 

For eight objects, accurate positions 
have been given by a number of observers 
and their optical identifications have been 
secured. In some cases, in fact, there is 
agreement between radio and _ optical 
apparent sizes. These objects are opti- 
cally known as M31 in Andromeda 
(OON4A); NGC 1275, colliding galaxies 
in Perseus (03N4A); the Crab nebula, 
remnant of a supernova in A.p. 1054, in 
Taurus (05N2A); galactic nebulosity 
in Puppis (08S4A); M87, a galaxy in 
Virgo (12N1A); NGC 5128, an abnormal 
galaxy in Centaurus (13S4A); colliding 
galaxies in Cygnus (19N4A); and galactic 
nebulosity in Cassiopeia (23N5A). 

The remainder of the catalogue lists 
30 objects for which the radio positions 
are not known so accurately, but for nine 
of these a reasonable optical identifica- 
tion has been suggested. 


EVOLUTIONARY CHANGES 
IN SINGLE STARS? 

Evolutionary changes in brightness or 
temperature are too gradual to be de- 
tected in individual stars, even in the 
youngest, hottest ones of spectral types 
O and early B. Among such stars, how- 
ever, are the Beta Canis Majoris variables, 
pulsating stars with periods of about 
three to six hours. Those with the longer 
periods are the brighter. Dr. Otto Struve, 
Leuschner Observatory, suggests that 
these differing periods may indicate evo- 
lutionary trends among these stars. 

At the Berkeley meeting of the Astro- 
nomical Society of the Pacific in Decem- 
ber, he pointed out that the mean density 
of a B-type star would decrease if it 
evolves with constant mass in such a 
manner as to describe an evolutionary 
track away from the main sequence. 
Furthermore, such a progressive decrease 
in mean density with age for the star 
should result in a measurable lengthening 
of its period. 

Of the 10 


best-observed Beta Canis 


By Dorrit HOoFFLEIT 





Majoris stars, three indeed have changing 
periods. They are Sigma Scorpii, with a 
period of 5 hours 55 minutes increasing 
at the rate of 2.3 seconds a century; 
HD 199140, 4 hours 49 minutes, 3.0 
seconds per century; and Beta Cephei, 
4 hours 34 minutes, 1.2 seconds per 
century. These stars have been under 
observation for 36, 28, and 50 years, 
respectively. 

At a rate of one second a century, a 
star like Gamma Pegasi, with a period 
of 3 hours 36 minutes, would require 
about one million years to evolve into a 
star like Beta Canis Majoris, which has a 
period of six hours. This corresponds 
well with the accepted age of one to 10 
million years for ordinary stars of the 
same spectral class. 

Dr. Struve stated, however, that it may 
be more probable for the period changes 
in these stars to be irregular in character. 
Nevertheless, the possibility that they are 
evolutionary must not be ignored. He 
also noted that many years ago A. S. 
Eddington had considered the changing- 
period-evolution idea in a problem of 
Delta Cephei. 


ALBERT G. INGALLS RETIRES 

An editor’s note in the May issue of 
Scientific American announces the retire- 
ment of Albert G. Ingalls as editor of the 
Amateur Scientist department, although 
he still intends to continue his personal 
correspondence and discussions among 
amateur telescope makers. His _ well- 
known department was founded in May, 
1928, and has appeared under various 
names, including Telescoptics and The 
Amateur Astronomer. Its influence was 
very wide, gaining thousands of recruits 
to astronomy as a hobby. 

“Unk” Ingalls is the editor of the three 
books in the Amateur Telescope Making 
series. During World War II, he organ- 
ized amateurs in an extensive program 
of roof-prism manufacture at a time when 
roof prisms were in critical supply for 
military instruments. 








IN THE CURRENT JOURNALS 


STELLAR POPULATIONS, by R. H. 
Garstang, Journal, British Astronomi- 
cal Association, February, 1955. “Per- 
haps the most interesting result of the 
recent researches on Stellar Populations 
is the realization that in the Hertz- 
sprung-Russell diagrams, particularly 
those of Population II, we have been 
provided with a means of obtaining a 
much deeper insight into the processes 
of stellar evolution than has hitherto 
been attained.” 


HORIZONS IN ASTRONOMY, by Ly- 
man Spitzer, Jr., American Scientist, 
April, 1955. “There are three areas 
in which intensive exploration seems 
likely to yield very fascinating results 
in the next fifty years. First of all is 
the structure of the universe. This 
may be termed the cosmological prob- 
lem, ‘What is the universe like, in its 
broadest aspects?’ . . . The second prob- 
lem is set by new physical techniques: 
the problem of radio astronomy. The 


third topic is more an area than a 
single specific problem; this is astron- 
omy in outer space, a topic closely re- 
lated to interplanetary flight.” 


METEORS AND GEOMAGNETIC 
ACTIVITY 

Recently V. Bumba, of the Czecho- 
slovakian Academy of Sciences, has re- 
ported that the earth’s magnetic field 
may undergo temporary changes as a 
result of meteor showers. 

Analyzing the daily geomagnetic index 
numbers over the period 1890-1937 for 
the times of activity of seven major 
meteor streams, Bumba found a slight 
increase in the geomagnetic numbers 
shortly after passage of the maximum of 
a stream. From two to seven days later, 
the numbers decreased abruptly by six 
to 27 per cent. Further investigation is 
needed to confirm these results. Mean- 
while, Bumba suggests that the meteors 
first cause increased ionization in the 
E layer, and then meteoric dust settles 
below the ionosphere to shield the earth's 
surface temporarily from the magnetic 
effects of ionospheric disturbances. 





In this small region of 
the spectrum-luminosity 
diagram, the dashes 
show the region occu- 
pied by the pulsating 
stars of the Beta Canis 
Majoris type. The data 
are from a 44-year pro- 
gram at the Leusch- 
ner Observatory by D. 
McNamara and A. D. 
Williams. The main 
sequence is after Mor- 
gan and Johnson. Note 
the relation of period 
of pulsation and loca- 
tion on the diagram. 
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The great globular cluster 47 
Tucanae, enlarged 2} times 
from a 60-minute exposure 
with Harvard’s 60-inch Boy- 
den station reflector. The 
cluster covers nearly the area 
of the full moon. Located in 
the far southern sky, it can 
be glimpsed from Central 
America. 


Globular Clusters and Their History 


Orro Srruve, Leuschner Observatory, University of California 


HE BRIGHTEST 
Omega Centauri 
NGC 5139) and 47 
Tucanae (NGC 104), are easily 
to the naked eye. Both are located in 
the southern hemisphere of the sky, and 
star by 


Star 


globular 
clusters, (also 
known = as 


visible 


the former was recorded as a 
Ptolemy and as a “lucid spot” by Halley. 
The globular cluster in the 
northern Messier 13 or NGC 6205, 
Hercules, was 
discovered by Halley in 
faintly discernible with the 


brightest 
sky, 
in the constellation of 
accidentally 
1714. It is 
naked eye 
\ltogether we 
dred of these objects in our galaxy, and 


now know over a hun 
perhaps another hundred remain hidden 
view by obscuring clouds of 
Each of relatively 
is exceedingly 


from out 


cosmic dust. these 


rare formations rich in 


stars. A single globular cluster may con 
tain several hundred thousand stars, but 
some appear to be less populous than 
others. 


The over the 


clusters 
sky is illustrated here. There are about 
as many of them on side of the 
central line of the Milky Way as there 


Few are 


distribution of 
one 


are on the other side. seen 
in the galactic plane itself because of the 
Many 


high galactic lati 


heavy obscuration by dust clouds. 


globular clusters have 


tudes, but their distribution in galactic 
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longitude is far from uniform. ‘There is 
a heavy concentration in the region of 
longitude 325°—in the constellation of 
Sagittarius where the center of our galaxy 
is located. The half of the sky opposite 
to that containing the center is nearly 
devoid of globular clusters. 

Ihe globulars are thus connected with 
the Milky Way, as if they constituted a 
“skeleton” which the 


upon galaxy has 


been built. But this skeleton is not a 
flattened disk like that containing the 
spiral arms in which the sun and most 
of the stars are located. Instead, the 
globular clusters have a roughly spherical 
arrangement around the Milky Way. The 
solar system is to one side of the cente1 
defined by the globular clusters—almost 
9,000 parsecs or 30,000 light-years away 
from it. 


Each dot represents a globular cluster, plotted on an equal-area chart of the 
entire sky, in galactic co-ordinates. The horizontal axis is the galactic equator, 
and the galactic center direction is in the middle, toward which the clusters 
From “Star Clusters,” by Harlow Shapley. 


appear most numerous. 




















The distances of the globular clusters 
are now fairly well known, largely from 
the work of H. Shapley. Many clusters 
contain short-period pulsating variables. 
To illustrate how Shapley utilized them, 
consider the cluster in Hercules, M13, 
a 200-inch photograph of which is fea- 
tured in the center of this issue. The 
cluster has only a few variables, while 
others contain hundreds of them. Even 
so, from four of the variables in M13 
Shapley deduced an average apparent 
magnitude of +15. We know from the 
cluster-type (RR Lyrae) variables in the 
sun’s neighborhood that their mean abso- 
lute magnitude is zero. 

Hence, if M13 were at the standard 
distance of 10 32.6 light- 
years), its variables would have apparent 
magnitudes of zero—about as bright as 
In reality, they appear 15 magni- 
with an apparent light 
intensity only one millionth that ol 
Vega. ‘They must be very far indeed. 
The intensity of light diminishes as the 
square of the distance. Therefore, the 
distance of M13 exceeds the standard 10 
parsecs by a factor of 1,000, the square 
root of 1,000,000. Thus, the cluster is 
about 10,000 parsecs away. A more recent 
determination by Shapley gives 9,500 
parsecs, or some 31,000 light-years, and 
W. Lohmann makes the distance a little 
less. 

On direct photographs the diameter 
of M13 is about 18 minutes of arc. At 
its distance this corresponds to a linear 
or about 160 


parsecs (or 


Rattan O 
Vega! 


tudes fainter, 


diameter of 50 
light-years. The total number of stars in 
this cluster is not known. They are too 
crowded in the central regions 
But undoubtedly M13 
is a rich cluster, and we may assume 
that it contains at 500,000 stars 
having an average mass equal to that 
1083 grams. The average 


parsec Ss, 


closely 
to be counted. 


least 


of the sun, 2 x 
density of the cluster is its mass, about 
1039 grams, divided by its volume, 
4 x 1059 cubic centimeters, which gives 
about 2 x 10-2! gram per cubic centi- 


meter. Other globulars have 
densities of the order of 10> 22. 

Since the stars are heavily concentrated 
toward the middle of the cluster, the 
central density may easily be 100 times 
greater. If we could evaporate into gas 
all the stars of M13 within a sphere of 
radius 25 parsecs, the resulting nebula 
would be 10 or 100 than 
the densest diffuse nebulosity known at 
the present time in the Milky Way. This 
must have an important bearing on the 
problem of the origin of globular clusters 
and the formation of stars within them. 


average 


times denser 


that the stars spread farther from the 
center toward the southeast and north 
than in other directions. I 
several persons to estimate the 


west have 
asked 
orientation of the 
cluster on the photograph, and most ol 
them agreed, after some vacillation, that 
it might lie from ESE to WNW. Shapley 
determined this direction from star counts 
in different sectors as position angle 125 

counted from north through east—in close 
agreement with the visual estimates. The 
(defined as the 


longest axis of the 


apparent oblateness 


difference between the longest and short- 


Omega Centauri, often regarded as the finest globular in the sky, is exceptionally 
rich in variable stars. This photograph is from a one-hour exposure with the 
60-inch reflector of the Harvard southern station. 


A remarkable feature of the globular 
clusters is their almost spherical shape. 
The photograph of M13 is typical in this 
At first glance the system looks 
But when we view the pic- 
notice 


respect. 
quite round. 
ture from 


across the room, we 


Globular’ clusters, 
shown by dots, form a 
spherical halo around 
the main, body of our 
galaxy (shaded), whose 
outlying stars are 
bounded by the broken 
line. The sun is marked 
by a cross. After W. S. 
Krogdahl, “The Astro- 
nomical Universe.” 


est axes, divided by the longest) of this 
cluster is only 0.05. 

Most globular clusters similarly appear 
slightly elongated. If they are really all 
oblate spheroids randomly oriented, some 
outlines. 


of them should have circular 


Thus we cannot conclude that any one 
globular cluster is actually spherical. But 
since we seldom observe oblateness greate1 
than 0.2, 
polar flattening of systems 1s 
roughly similar to that of Jupiter. But 


the rotations of the globular clusters must 


we are quite certain that the 
these 


be quite slow, and no rotational motions 
have been detected 
with the spectroscope. 
Why, then, are the globular clusters 
so very nearly spherical? 
the Milky Way, the spiral and elliptical 
galaxies, and the open star clusters are 
much more flattened. 


either directly or 


By comparison, 


This question was 
recently discussed by C. F. Weiz- 
saecker, of the Max Planck Institute in 
Goettingen, Germany, in the January, 
1955, issue of the Zeitschrift fuer Astro 
physik. His theory of the evolution of 
the Milky Way indicates that the globu 
lars have retained their spherical shapes 
ever their The 


von 


since formation. von 
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Weizsaecker theory, similar in some re- 
spects to his now well-known eddy theory 
of the formation of the solar system, may 
be described as follows: 

About six billion (6 x 10%) years ago 
our galaxy was a roughly spherical cloud 
of turbulent gas with an admixture of 
dust grains. Encounters of turbulent 
eddies with one another gradually re- 
lieved the turbulence, but any excess of 
rotation in one direction among the 
eddies remained as angular momentum 
within the cloud. 

Gravitational effects, according to von 
Weizsaecker, caused the cloud to break 
up into smaller cloudlets. Within cloud- 
lets denser than about 10-22 gram per 
cubic centimeter, protostars began to 
form. From these the oldest stars—of 
Population Il—were formed in this very 
early stage. Very dense original cloud- 
lets produced the globular clusters, which 
were sufficiently massive to have strong 
internal gravity and to retain their identi- 
ties over very long intervals—hence they 
are still in existence as clusters today. 

Cloudlets of smaller density produced 
unstable groups of old stars that rapidly 
dispersed in space, now forming the 
spherically shaped “halo” of Population 
II stars including RR Lyrae and W 
Virginis variable stars, the high-velocity 
stars, novae, planetary nebulae, some 
long-period variables, and so on. All of 
these objects retained, in a general way, 
the original spherical distribution of the 
primordial cloud. Once these 
stars had been formed, 


great 
Population II 


practically none would ever collide with 
another star, and they continue to travel 


in orbits around the galactic center— 
orbits still inclined at all angles to the 
central plane of the galaxy. 

According to von Weizsaecker, how- 
ever, star formation did not proceed fast 
enough to exhaust all of the primordial 
diffuse medium while it remained spheri- 
cal in shape. The turbulent cloudlets 
collided frequently, causing them to col- 
lapse toward a central plane defined by 
the accidental tendency of the conden- 
sations to rotate more often in one direc- 
tion than in another. The presence of 
this residual rotation prevented the cloud- 
lets from falling toward the galactic 
center. All they could do was form a 
disk-shaped system of many cloudlets, 
like the Orion nebula, the dark clouds in 
Taurus and in Ophiuchus, and so forth. 
Thus, about five billion years ago the 
Milky Way appeared as a disk of gas and 
dust, with spiral arms in the plane of 
the disk, and with a halo of old stars 
and globular clusters all around it. 

Star formation continued during this 
second stage of evolution, and as a result 
we now the galactic plane 
many stars of considerable age. The sun 
is one of them, and we shall not be far 
wrong if we attribute to it an age of five 
billion years. The cloudlets of the disk 
continued to collide with each other, as 
they revolved around the galactic center 


observe in 
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with periods ranging between about 100 
million and 300 million years. (In his 
earlier work von Weizsaecker had shown 
how friction in this galactic medium had 
tended to collect the innermost cloudlets 
into a relatively dense galactic nucleus, 
while the peripheral cloudlets tended to 
move outward in the plane, perhaps 
producing the spiral arms.) 

Meanwhile, stars kept on forming 
within the central nucleus and also within 
the spiral arms. At present, the diffuse 
matter of the nucleus is mostly exhausted. 
The remaining cool hydrogen gas dis- 
covered in the nucleus by radio astrono- 
mers is relatively thin and can contribute 
little to the formation of new stars. But 
in the arms great clouds of gas and dust 
are even now condensing into stars— 
those we call Population I. Some of them 
are probably less than one million years 
old! 

If this picture is correct for the whole 
primordial cloud, it must also hold indi- 
vidually for cloudlets, such as those that 
produced the globular clusters about 5} 
billion years ago. Yet, the individual 
clusters do not have pronounced central 
planes or appreciable amounts of ob- 
scuring dust or gas. Have the globular 
clusters lost their disks after their forma- 
tion, or were they somehow prevented 
from forming such disks? Von Weiz- 
saecker favors the second alternative. 

At this point we must consider the 
kinds of orbits globular clusters might 
pursue around the mass concentration 
at the center of the galaxy. Because of 
this concentration, we can draw a rough 
analogy with orbits in the solar system, 
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These schematic globular cluster orbits 
illustrate the extreme cases studied by 
S. von Hoerner. Cluster A, 9,000 par- 
secs from the center, is near the apo- 
galacticon of a radial orbit of eccen- 
tricity practically one; the cluster is 
now virtually stationary with respect 
to the galactic center, yet will move 
with high speed when near the center. 
The semimajor axis of this radial 
orbit, a = 4,500 parsecs, is half the 
distance from the center. Cluster B 
is similar to A, but its distance is 
18,000 parsecs. Clusters C and D have 
circular orbits, with motions of 260 
and 190 kilometers per second, respec- 
tively. Their semimajor axes are equal 
to their distances from the center. 


in which all objects obey Kepler's laws. 
The planets have nearly circular orbits, 
but the paths of some long-period comets 
are very elongated, with the sun near 
one end. The motion of a comet in such 
a highly eccentric orbit is extremely rapid 
at perihelion, but when farthest from the 
sun the same comet will move very slowly, 
before once again falling in toward peri- 
helion. Are the orbits of globular clusters 
predominantly circular, or are they so 
highly elliptical as to be practically radial 
with respect to the galactic center? 

The distances of the clusters from the 
sun are well determined; the most recent 
discussion is Lohmann’s in 1952. Since 
we also know at each cluster the angle 
(6) between the sun and the galactic 
center, whose distance from us is 9,000 
parsecs, we can compute the distances of 
all clusters from the galactic center. The 
most distant ones are about 50,000 parsecs 
from the center, which value would then 
be the radius for a circular orbit of such 
a cluster. If the cluster has an almost 
rectilinear, radial orbit, like those of some 
comets in the solar system, its semimajor 
axis would be about 25,000 parsecs. 

Kepler’s third law states that the 
squares of the periods are proportional 
to the cubes of the semimajor axes. For 
the sun’s orbit around the galactic center, 
the period is 200 million years and the 
semimajor axis 9,000 parsecs. For a dis- 
tant globular cluster the latter quantity 
is between 50,000 and 25,000 parsecs, cor- 
responding to periods of 2} and 0.9 
billion years, respectively. Thus, even the 
most remote globulars have galactic peri- 
ods which are well under the 5} billion 
years since the clusters were formed. Less 
remote clusters have shorter periods; for 
example, M13 in Hercules has a_ period 
of 200 million years if the orbit is circu- 
lar, or as little as 70 million if it is 
radial. 

This means that every globular cluster 
has made repeated circuits of its orbit 
since its formation. If during such a 
cycle it passed through the dense central 
plane of our galaxy, then the diffuse 
matter remaining within the cluster 
would have collided with the nebulosities 
of our galactic disk and would have been 
swept out of the cluster. But the cluster 
stars would pass through the galactic 
disk almost unaffected. They would have 
had practically no chance to collide with 
the stars of Population I, and they would 
not be greatly affected by the resisting 
action of the nebulosities. The cluster 
would proceed on its way with its original 
spherical arrangement of stars but robbed 
of its diffuse medium. Most clusters would 
experience this effect quite early in their 
lives and would be unable to evolve a 
disk-shaped system of nebulosity and 
young stars, as did the Milky Way as a 
whole. 

The fundamental idea used by von 
Weizsaecker in the foregoing paragraph is, 
as he remarks, borrowed from W. Baade 
and L. Spitzer, Jr., who in 1951 jointly 














pointed out similar consequences of a 
collision between galaxies. 

If the globular cluster orbits are pre- 
dominantly circular, the more distant 
clusters would never encounter dense cen- 
tral regions of the Milky Way. The hy- 
pothesis of von Weizsaecker will work 
only if the orbits are so strongly elongated 
that the clusters penetrate the hub of the 
galaxy. This aspect of the problem has 
been discussed by S. von Hoerner, also 
of the Max Planck Institute. 

Consider again M13, which 
Hoerner places at 9,000 parsecs from the 
galactic center, the same as our distance 
from that center. The radial velocity 
(line-of-sight motion) of M13 has been 
measured by N. U. Mayall at Lick Ob- 
servatory, who found it approaching us 
at 228 kilometers per second. Most of 
this relative motion is due to the sun 
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At the globular cluster M13 the angle 
§ is 69°. We observe the cluster’s speed 
of approach as 36 kilometers per sec- 
ond (after allowing for the sun’s mo- 
tion). This is only the projection on 
the line of sight of the true velocity 
of the cluster in its orbit around the 
galaxy. If the orbit is circular, the 
cluster’s speed is 40 kilometers per 
second. For the other extreme possi- 
bility, that of an orbit so elongated 
as to be practically a radiz! line, the 
orbital speed would be 100 kilometers 
per second. It is this latter case of 
radial orbits that von Hoerner finds 
to be characteristic of globular clusters. 


traveling in its own circular galactic 
orbit at a speed of 260 kilometers per 
second toward Cygnus, of which 173 
kilometers per second is in the direction 
of M13. The sun’s additional small mo- 
tion with respect to the neighboring stars 
is 20 kilometers per second toward Her- 
cules, 19 of which is in the direction of 
M13. The remaining motion of 36 kilo- 
meters per second toward us is the com- 
ponent, in our line of sight, of the 
cluster’s orbital velocity. 

But from this alone we cannot tell the 
real space motion of M13. If the cluster 
has a wholly radial motion toward the 
galactic center, it is moving nearly 100 
kilometers per second; if its motion is in 
a circular orbit, it would be revolving in 
a retrograde direction at 40 kilometers 
per second. Without additional informa- 


tion, however, we cannot choose between 
these two assumptions. 

How far from the center can M13 get, 
if it has a radial orbit? At our distance 
from the center, the sun’s velocity of 260 
kilometers per second would correspond 
to a maximum galactic distance (at 
apogalacticon) of 18,000 parsecs for a 
radial orbit; the 100 kilometers per second 
of M13 corresponds to only 10,000 par- 
secs. The motion of M13 is now toward 
the center. After some 50 million years 
it will have passed to the center and 
back again, reaching its present location 
with the same velocity of 100 kilometers 
per second, this time directed away from 
the center. It will move out only another 
1,000 parsecs before turning in again. 
At present, then, it is 9/10 of its greatest 
distance from the center. 

Although we have used M13 as an ex- 
ample, actually in any single case the 
radial velocity is not sufficiently well 
known to place much reliance on the 
resulting components. But the entire 
material on the motions of the clusters 
obtained by Mayall is certainly signifi- 
cant, and von Hoerner has used a clever 
Statistical procedure first developed by 
F. K. Edmondson in 1937 to determine 
whether globular cluster motions are pre- 
dominantly radial or circular. 

In the diagrams below, one shows the 
case for circular orbits, where clusters 
making small angles with the galactic 
center in the sky (6 near 0°) would have 
small line-of-sight motions as seen from 
the earth. But were their orbits of the ra- 
dial type, these same clusters would show 
large line-of-sight motions. Similarly, all 
those clusters for which § is near 90° 
would show large motions if their orbits 
were circular and small motions if their 
orbits were straight lines directed to the 
nucleus of the galaxy. 

Von Hoerner has computed for all the 
50 Mayall cluster velocities the compo- 
nent in the line of sight remaining after 
allowing for the two motions of the sun. 
For 46 objects, those with § between 0° 
and 45° have average line-of-sight mo- 
tions of 106 kilometers per second, those 
between 45° and 90° only 74 kilometers 
per second. We conclude that the hy- 
pothesis of rectilinear motions is strongly 
favored. 

Almost half of the clusters are 


one 


moving too fast for circular orbits at their 
respective distances from the nucleus, von 
Hoerner points out. For example, NGC 
2298, for which § is 18°, is moving 
toward us at 187 kilometers per second. 
If this is the line-of-sight component of 
a circular orbit, the real orbital velocity 
would be 600 kilometers per second. But 
NGC 2298 is 26,500 from the 
galactic center. At this great distance, 
the circular orbital velocity is only 150 
kilometers per second; hence, the cluster 
cannot be following such a path. 

On the other hand, if its velocity of 
187 kilometers per second is in a radial 
orbit, the cluster is at present only 0.15 
of its apogalactic distance from the center, 
which is an entirely possible result. 

Still another criterion points toward 
radial orbits. Kepler's second law pre- 
dicts that the clusters will spend most of 
their lives near apogalacticon if their 
orbits are of the radial type. Hence, the 
distribution of the ratios of present dis- 
tance from the center to apogalacticon 
few small val- 


parsec s 


distance should show very 
ues and increasingly many large values. 
The result is just as expected, the mean 
value of this ratio being close to 0.9, 
and there are only three clusters for 
which it is less than 0.5. 

Von Hoerner concludes that nearly all 
clusters with distances greater 
than 14,000 have almost recti- 
linear orbits, and that about 30 
per cent of the nearer clusters can have 
circular orbits. ‘This conclusion adds to 
the interest of von Weizsaecker’s hypothe 


present 
parsecs 
only 


sis. 

A by-product of this work is the con- 
clusion that the original cloudlets out of 
which the globular clusters were formed 
must have been much more dense than 
the nearby nebulosities of the Milky Way 
are today. We have already seen that 
the present population of stars in a typi- 
cal cluster requires an initial density of 
the order of 10-22 gram per cubic centi- 
meter. If, in the process of passing 
through the disk of the Milky Way, 
such a cluster lost a good fraction of its 
original mass, it must have been even 
more dense to begin with. It is probable 
that 5} billion years ago the spherical 
galaxy contained some very dense cloud- 
lets of a kind the Milky Way does not 
now possess. 





For a globular cluster, 
G, located in various 
directions from the sun 
and the galactic center, 
C, the relation of its 
orbital and apparent 
motions is shown. The 
value of the angle 6 is 
given in each case. 





Radial Motions 


Circular Motions 





ome 


SUN 








June, 1955, Sky AND TELEscopE 329 





COUNTING PHOTONS — One by One 


WILLIAM A. Baum, Mount Wilson and Palomar Observatories 


PART II 

N photoelectric phot6metry of the 
faintest stars, the expected advantage 

of charge integration methods, which 

we discussed last month, has been thor- 
oughly confirmed by the performance of 
the photon counter now in use on the 
200-inch The photometer 
unit that the prime focus 
is shown in Fig. 6, and Fig. 7 is a sche- 
matic diagram of the complete photome- 


telescope. 
attaches at 


ter. 
Units above the dashed line in Fig. 7 





Fig. 6. 
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are located in the prime-focus cage with 
the observer 
Units 


(see page 264, May issue). 
the dashed line are located 
beneath the 
used 


below 
in a small 
telescope, where a 


room 
lamp can be 
by the night assistant. His job includes 
setting the telescope, keeping track of 


enclosed 


the data, and entertaining the observer. 

The instrument presently includes one 
photon-counting channel and one d.c. 
channel. The latter is at the right-hand 
edge of the diagram and has three func- 
tions: It serves as a standby in case the 
fails; it is needed for 


counter Stars 


\ PHOTOMETER 
og rns 
\ 


wake 
es 


PULSE COUNTER 


brighter than 14th magnitude (which 


exceed the speed limit of the counter), 
and it can be used for scanning extended 
objects. 

The photometer unit, seen in Fig. 6, 
is 22 inches wide by 18 inches high, and 


This unit of the 200-inch photometer is mounted onto the prime-focus pedestal, light entering it from below. 
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Fig. 7. The arrangement of the parts of the 200-inch photometer. 


weighs about 90 pounds. It includes the 
photomultiplier tube, refrigeration cham- 
ber, color filters, focal-plane diaphragms, 
guiding eyepiece, and offset mechanism. 
[wo large calibrated screws, seen here 
at the extreme left and right, provide 
precise x and y offset motions for setting 
on faint objects, as described last month. 
Motors can be attached to these screws 
for scanning extended objects. The 
guiding eyepiece, vertical in the left fore- 
ground, is also equipped with calibrated 
x and y motions. 

At the center of the picture is the 
photometer head contains the 
photomultiplier, as shown in Fig. 8. In- 
side the mounting below it are two large 
disks, one carrying 10 focal-plane dia- 
phragms, and the other accommodating 
10 2-by-2-inch color filters. The focal- 
plane diaphragms now in use have diam- 
eters ranging from 0.25 millimeter (0.01 
inch) to 10 millimeters. 

When you want to view a star field in 
preparation for some measurements, you 
simply swing the photometer head back 
out of the way on parallel pivots so an 
eyepiece can be brought into place. 
Since the unvignetted field through the 
filters is about 1.5 inches, the same mount- 
ing can also be used for experiments 
with image-receiving devices. 

As Fig. 8 indicates, the photometer 
head contains an Emitron 6685 end-on 
photomultiplier, which actually has 14 
dynode stages. Just ahead of the photo- 
cathode is a Fabry lens whose function 
is to focus the exit pupil of the telescope 
onto the photocathode. This makes the 
photometer immune to variations in the 
distribution of light across the focal-plane 
diaphragm such as are encountered in 
poor seeing or in a photometric compari- 
son of galaxies with stars. 


which 


Surrounding the multiplier tube is a 
four-liter dry-ice chamber sufhciently well 
insulated to maintain continuous refrig- 
eration with daily fillings of crushed dry 
ice. It happens, however, that the present 
Emitron multiplier is of such high quality 
that refrigeration is unnecessary, even for 
23rd-magnitude observations. The dark 
count at dome temperatures is always 
small compared with the sky background 
count. It ranges from one to 10 counts 
per second between winter and summer. 

The signal from the photomultiplier 


nis 


goes first to a pre-amplifier located in the 
prime-focus cage and thence by coaxial 
cable to the cabinet shown in Fig. 9. 
This cabinet, which contains the rest of 
the photon-counting 
the room near the coude focus. 
night assistant controls the 
intervals and records the data according 
to instructions received from the observer 
over an intercom system. In this cabinet 
certain commercial units been 
adapted with modifications, but the more 
critical components were designed and 
fabricated at the observatory. 
Now, referring again to Fig. 7, 
follow pulses through the system and see 
what happens to them. When light falls 
upon the cathode of the photomultiplier 
tube, about one out of every 20 photons 
ejects an electron. Each electron leaving 
the cathode strikes the first dynode 
where it ejects several secondary electrons. 
These are accelerated to the second dy- 
node where they eject more secondary 
electrons, which in turn are accelerated 
to the third dynode, and so on. After 
secondary multiplication has taken place 
at 14 dynodes in succession, the original 
photoelectron has been snowballed into 
a pulse of a million electrons, on the 
average. This charge is collected by the 
anode and dumped onto a condenser of 
10uuf at the input of the pre-amp, from 
which it leaks off through a resistance 
The resulting pulse 


system, is located in 
Here the 
counting 


have 


let us 


of one megohm. 
seen at the input grid of the pre-amp 
has a steep rise of 10~8 second and a 
decay constant of 10 microseconds. 

The pre-amplifier is a simple two-tube 
feed-back circuit having a voltage gain 
of 0.5 and an output impedance of 90 





Fig. 8. A cross-section 
sketch of the prime- 
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in Fig. 6. 
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ohms to match the RG-62U coaxial cable 
150 feet long which it feeds. The shape 
of the pulse coming out of the pre-amp 
is the same as that already described, 
except that its sign is positive and the 
average pulse is now 10 millivolts high. 

At the other end of the cable, the 
shaper into which this pulse goes is 
essentially a one-microsecond delay line. 
The reflected pulse cancels the tail of the 
incoming pulse, changing the latter from 
the shape shown in Fig. 7 above and left 
of the box marked “shaper” to the form 
shown between the shaper and amplifier 
boxes. 

The pulse amplifier has two three-tube 
feed-back providing an over-all 
gain of 2,000. It builds the average pulse 
up to a height of about 20 volts with 
very little change in shape. At half- 
height, the pulse is one microsecond long. 

Ihe discriminator is a Schmidt-type 
trigger circuit, whose function is to re- 
ject all pulses smaller than a_ prescribed 
height and to pass on the rest as square 
pulses all of the same size. The fore- 
going paragraphs pertain only to an 
“average” pulse, whereas the pulses from 


loops 


the multiplier actually range very con- 
siderably in size. Two distinct phe- 
enter into the production of 
One is the ejection of electrons 


nomena 
pulses. 
by photons incident upon the cathode. 
The other is the thermal evaporation 
(called dark emission) of electrons from 
both the cathode and the dynodes. Most 
of the from 
the dynodes, because the dynode areas 


thermoelectrons originate 


are large in comparison with the cathode 
As a result, 
most of the “dark” pulses pass through 


area (0.8 square centimeter). 


fewer stages of multiplication than cath- 
ode pulses do. This means that there are 
zillions of very small dark-current pulses 
from the dynodes which the 


while trans- 


(“grass’’) 


discriminator can 


exclude 
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mitting the majority’ of the cathode 
pulses. In practice, this is done by setting 
the level of the discriminator at about 
half the average height of cathode pulses. 

Ihe scaling circuits are standard com- 
mercial units that count to 10 each and 
can distinguish between pulses 1/200,000 
second apart. Digits, tens, and hundreds 
are registered in columns of neon lights, 
seen in the middle of the center panel 
of Fig. 9, while thousands and above are 
registered on the mechanical counter to 
their left. Since this mechanical counter 
cannot operate at more than six steps 
per second, the input speed is limited 
to 6,000 counts per second, which corre- 
sponds to about 14th magnitude, as men- 
tioned earlier. At that brightness level, 
the statistical correction due to the lim- 
ited resolving time for pulse pairs reaches 
three Also at that level, the 
mechanical “thousands” counter sounds 
like a riveting hammer. 

This is the operating procedure: After 


per cent. 


the observer in the prime-focus cage has 
centered a faint star in the diaphragm 
by the means already described, the night 
assistant starts the timer, and the scaler 
automatically starts registering. At the 
end of 100 seconds, the timer automati- 
cally stops itself and simultaneously ter- 
minates the count. While the observer 
shifts the diaphragm to a vacant sky 
patch, the assistant records the count and 
resets the scaler. A sky count of 100 
seconds duration is then taken in exactly 
the same manner. Alternate counts of 
100 seconds each on sky and star-plus-sky 
are continued in this way until the total 
accumulated time on each reaches ¢ pre- 
scribed by the formula given on page 
267 last month. As already mentioned, 
the purpose of breaking up the total ex- 
posures into 100-second intervals and 
shifting the diaphragm is to cancel any 


slow change in the brightness of the 


Fig. 9. Left: The part 
of the apparatus located 
in a room below the 
telescope includes most 
of the electronics of the 
photon-counting system. 


Right: An enlargement 
of a portion of the 
panel shows the 100- 
second timer at the top, 
the bank of neon lights, 
and the mechanical 
counter for thousands 
and above. 
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Fig. 10. A sample set of photon counts 
on a 24th-magnitude star. 


night-sky background. With certain com- 
plications, this could also be done by 
arranging two complete channels to count 
simultaneously through two diaphragms. 

The faintest object thus far measured 
by photon counting—or, for that matter, 
by any method at all—is a red giant star 
in the halo of the Andromeda galaxy. It 
was found to have a blue magnitude of 
23.9 and a yellow (photovisual) magni- 
tude of 22.6. Accordingly, its color index 
is +1.3 and its absolute magnitude is 
about —0.3 photographic. 

The actual photon counts on this star 
are given in the table reproduced as Fig. 
10. The first column under each color 











lists the counts registered in 100-second 
intervals with the star centered in the 
diaphragm. ‘The second column under 
each color is for sky counts in 100-second 
intervals alternated with those in the 
first column. Subtraction of individual 
counts in the second column from adja- 
cent counts in the first column may be 
done in two ways, as this example from 
the blue figures shows: 


ni 4719 — 4607 
neg = 4646 — 4607 


+112 

+ 39. 

To list both n, and ne is, of course, 
partly redundant, but they serve to illus- 
trate how the individual differences, 
which represent the pulses for the star 
alone, scatter widely. The subtraction 
process corrects for drift in the instru- 
ment and changes in the sky background. 

In the blue, the mean contribution of 
the star was 69 counts per 100 seconds. 
The probable error of this mean com- 
puted in a conventional way from the 
scatter of the data is +16, while the 
probable error theoretically to be ex- 
pected from pure statistics is +17. Simi- 
larly in the yellow, the observed scatter 
yields a probable error in good agreement 
with theoretical expectation. This agree- 
ment means that the performance of the 
photometer approached that of an ideal 
instrument operating at the same quantum 
efficiency; that is to say, every last drop 
of information is being squeezed out of 
the photocathode. It also means that the 
formula for ¢t can be taken at face value. 

On a fully exposed photograph in the 
yellow, the 22.6-magnitude image of the 
red giant star of Fig. 10 can be discerned 
just well enough to determine its posi- 
tion. However, on a fully exposed photo- 
graph in the blue no image can be de- 
tected. In other words, 23.9 magnitude 
is beyond the limit of the photographic 
plate but still within reach of the photon 
counter. In principle, it should be possi- 
ble with the counter to obtain rough 
measures as faint as 25th magnitude 
within a reasonable number of observing 
hours, if the locations of such objects 
were known. Unfortunately, one must 
still depend upon photographs to tell 
where objects are located. 

There is one qualification that must 
be attached to these considerations. The 
photoelectric measurement of a star that 
lies near (or perhaps even beyond) the 
photographic threshold is very much at 
the mercy of still fainter stars, which 
presumably populate the background 
‘and which are likely to be included un- 
wittingly in the focal-plane diaphragm. 
The selection of a supposedly vacant 
sky patch is literally a shot in the dark. 
On the basis of other astronomical in- 
formation, the odds of encountering back- 
ground troubles in a particular field can 
usually be estimated, but the risk cannot 
be eliminated. 

The superiority of photoelectric detec- 
tion would be even more evident if prac- 
tical limitations didn’t force one to use 


Fig. 11. The great cluster of galaxies in Corona Borealis, from a negative made 

with the 200-inch Hale reflector. In an area of the sky equal to that of the moon, 

there are about 400 galaxies, most of them ellipticals, according to Hubble. 
Mount Wilson and Palomar Observatories photograph. 


a diaphragm considerably larger than the 
seeing disk within which most of a star 
image is concentrated. In effect, this 
means that a picture-receiving system em- 
ploying a photoelectric cathode should 
have a large potential advantage over a 
photographic emulsion if a completely 
successful system could be designed. In 
a sense, this potential advantage has been 
obvious for a long time, from a simple 
comparison of photographic and_photo- 
electric quantum efficiencies, but the state 
of the art of photoelectric image systems 
has only recently justified realistic hopes. 
The problem is now receiving attention, 
and some practical developments were 
described by Otto Struve in his article in 
the April issue. 

The cosmological problem outlined at 
the beginning of this article last month 
provided the main impetus for design- 
ing and building the Palomar counter. 
The effort has really paid off, and the 
preliminary results are exciting. It is 
already clear from measures on galaxies, 
in clusters with known red shifts, that 
distances of galaxies judged from their 
apparent sizes (determined photometri- 


cally) are not in agreement with distances 
judged conventionally from apparent 
luminosities. This disagreement implies 
that we are encountering evolutionary 
changes or intergalactic obscuration or a 
combination of these, and indicates that 
previous distances based on 
photographic luminosities are of doubt- 
ful meaning. 

The Corona Borealis cluster of galaxies 


apparent 


shown in Fig. 11 is one of six large 
clusters selected for detailed study in a 
first attempt to explore the problem. 
This cluster’s red shift is 22,000  kilo- 
meters per second, but its true distance 
is not yet known. Photographic estimates 
placed it at about 40 million parsecs. 
Since the photoelectric observations in- 
volve the photometric sizes of individual 
galaxies, excellent seeing and a_ precise 
technique of measurement are required, 
especially for the members of the more 
distant clusters. It may be quite a while 
before definitive results can be accumu- 
lated. 

Galaxies in the group 
other nearby groups comprise the sample 


local and in 


upon which a cosmic yardstick must be 
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based. The extensive photometry of 
distance indicators, such as Cepheids 
and novae, belonging to these nearby 
systems can be handled fairly well by 
photographic methods if the data are 
properly calibrated on a correct scale of 
magnitudes. For this purpose, very faint 
standard sequences have been established 
with the photon counter in three of the 
Kapteyn selected areas. W. Baade has 
already used these sequences, along with 
a revised Cepheid zero point, to estimate 
a new modulus for the Andromeda gal- 
axy of 24.2 magnitudes, corresponding to 
a distance of about two million light- 
years. This result has been tentatively 
confirmed by direct photoelectric obser- 
vations of red giants in the southeast 
halo of that galaxy, including the star 
for which counts are given in Fig. 10. 
The counter has also yielded an im- 
portant result bearing on stellar popula- 
tions. It has shown that the main se- 
quences of globular clusters are comprised 
of subdwarfs. This was discovered from 
the photometry of faint stars in Messier 
13 (featured in the center of this issue), 


This chart of M13 is from a 200-inch 
photograph, and can be used as a key 
to the feature picture on the following 
pages. Numbers identify stars meas- 
ured photoelectrically by Dr. Baum. 
The yellow magnitudes for the num- 
bers included on the chart are: 1, 
10.74; 2, 12.03; 3, 12.04; 4, 12.14; 5, 
12.15; 6, 12.43; 7, 12.64; 8, 12.81; 9, 
12.85; 10, 13.14; 11, 13.28; 12, 13.46; 
13, 13.49; 14, 14.50; 15, 14.84; 16, 
15.01; 17, 15.07; 18, 15.47; 20, 16.05; 
21, 16.10; 22, 17.03; 25, 17.86; 26, 
17.99; 27, 18.33; 32, 21.14; 33, 21.40. 
The marks at the edges represent 
minutes of arc. Adapted from the 
“Astronomical Journal.” 


and it has now been confirmed in Mes- 
sier 3. Further work on other clusters 
is in progress. The result apparently 


means that the familiar main sequence for 


stars in the solar neighborhood is only a 
particular case lying near one edge of a 
main-sequence band embracing dwarfs 
and subdwarfs together. 
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OTHER SATELLITES OF 


NE of the famous meteoric 

phenomena on record happened 
on February 9, 1913. This was long be- 
lieved to have been a procession of about 
50 fireballs, moving very slowly from 
horizon to horizon in nearly the same 
path, seen from western Canada, across 
Minnesota, Ohio, New Jersey, and Ber- 
muda to the equator—a distance of over 
5,600 miles. 


most 


It was, however, established by C. C. 
Wylie in 1939 that these widely spaced 
observers had viewed the same 
meteors, so what really occurred was an 
intense but ordinary meteor shower 
rather than a true meteoric procession. 

Even so, there are some _ interesting 
consequences of the original idea of a 
procession of meteors. For if the course 
and velocity with which such _ bodies 
approach the earth were favorable, they 
could be captured as satellites, circling 


not 
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far enough above the earth’s surface to 
avoid destruction by the atmosphere— 
the fate of all ordinary meteors. They 
would then be the type of body looked 
for in C. W. Tombaugh’s intensive photo- 
graphic search now under way at the 
Lowell Observatory. His is the first sus- 
tained effort, with modern optics and 
careful programming, to discover addi- 
tional satellites of the earth. 

How a_ hypothetical satellite would 
appear to an observer was discussed in 
detail by W. H. Pickering in 1923. He 
showed that a meteorite one foot in 
diameter, revolving in an orbit 200 miles 
above the earth’s surface, could be as 
bright as 10th magnitude at times, shining 
by reflected sunlight. It would resemble 
an unusually slow-moving telescopic me- 
teor. Objects of this sort may well be 
picked up in Tombaugh’s search. 

Controversy about earth satellites dates 


back at least to 1821. The British meteor- 
ologist, John Farey, held that many 
meteors were small terrestrial satellites 
traveling in eccentric orbits, dipping deep 
into the earth’s atmosphere at every peri- 
gee passage. This view was rebutted by 
Dr. William Burney, of Gosport, England. 
Nevertheless, the idea lingered, and in 
1867 the British amateur, W. E. Hickson, 
argues for their existence. You can find 
a meteoric satellite in science fiction as 
early as Jules Verne’s From the Earth to 
the Moon (1865). 

Is it possible that a meteoric satellite 
has already been observed? The un- 
founded report of last August is ex- 
plained in last December's Sky and Tele- 
scope, page 51. There was rather more 
justification for the momentary suspicion 
that one had been found in 1938, but the 
rapidly moving object discovered on 
Koenigstuhl Observatory photographs 
turned out to be a new asteroid, Hermes, 
passing within 440,000 miles of the earth. 

There is, nevertheless, a classic case 
where the discovery was reported by a 

(Continued on page 354) 
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Amateur Astronomers 


SOUTHEAST CONVENTION HELD IN DECATUR 


URING perfect weather the conven- 

tion of the Southeast Region of the 
Astronomical League was held on April 
16-17 at Bradley Observatory in Decatur, 
Ga. 

The subjects presented were varied. 
“Stellar Populations I and IL” were de- 
scribed by Dr. Kenneth M. Yoss, Louisi- 
ana State University. “The Snooperscope 
in Astronomy” was the topic of a talk 
by William E. Shawcross, of Chapel Hill, 
N. C., and a portable photoelectric gadget 
was demonstrated by Dr. W. A. Calder, 
our host astronomer. 

Trips having astronomical objectives 
were described by several people. Dr. 
Karel Hujer, University of Chattanooga, 
presented outstanding slides and a color- 
and as- 
tronomers through 
England and western Europe to Scandi- 
navia, where he saw the eclipse of June, 


ful description of observatories 


visited on his way 


NORTHEAST 


DOZEN societies in the Northeast 
Region of the Astronomical League 
represented by some 75 amateurs 
who attended the convention at Troy, 
N. Y., on April 21-22. Among them were 
many junior astronomers, and four papers 


A 


were 


by juniors were presented. 

Visitors were brought up to date on 
some of the past and present activities 
in the Albany-Troy-Schenectady area by 
several talks. One of these was the history 
of the Dudley Observatory, by Paris 
Cenni, of Troy; another described the 
growth of astronomy at Rensselaer Poly- 
technic Institute, and was given by Prof. 
G. Howard Carragan, head of the physics 
department. The RPI Observatory had 
its beginnings in the desire of a fresh- 
man student of the late ’30’s to complete 
his telescope mirror; students at this 
engineering school furnished the designs 
and the know-how to plan a_ building 
that now houses a 12-inch reflector. 

Recent developments in the program 
of the American Association of Variable 
Star Observers were presented by Clinton 
B. Ford, AAVSO secretary; he stressed the 
increasing application by amateurs of 
photoelectric photometry to variable star 
and other observing work. Four AAVSO 
members now have or are procuring 
photoelectric equipment. One of these, 
J. J. Ruiz, of Dannemora, N. Y., demon- 
strated his own apparatus. He used an 
eclipsing binary model to produce a vari- 
able light source, recording its light curve 
on the spot. He was able to demonstrate 
the reflection effect and the change in 
secondary minimum position with change 
in orbital eccentricity. 

A half-hour motion — picture, 
Project Eclipse, with taped sound was 


color 


REGIONAL CONVENTION 


1954. Highlights of the Princeton meet- 
ing of the American Astronomical Society 
were presented by Dr. Yoss. 
Representatives of 12 societies attended 
from five states of the region. Reports 
of the activities of 11 of these groups 
were given. New regional officers were 
elected: chairman, Dr. Robert E. Angell, 
St. Petersburg, Fla.; vice-chairman, Arthur 
H. Jones, Chattanooga, Tenn.; secretary, 
Otto Borman, Eau Gallie, Fla.; treasurer, 
Harry Johnson, Atlanta, Ga. 
The undersigned spoke 
\stronomical League’s 
tion at Seattle, while 
Florida societies described plans for the 
1956 general convention in Miami. Next 
year the Southeast convention will be 
held in conjunction with that event. 
C. H. HOLTON 
833 Drewry St. N. E. 
Atlanta, Ga. 


about the 
conven- 
two 


coming 
members of 


IN Troy 


Hollingsworth, 
was in Iceland 


presented by W. L. 
Rochester, N. Y., who 
in June, 1954, as a member of one of 
the Air Force-Georgetown University ob- 
serving teams. ‘Totality observed 
through a large hole in the clouds. 

\t the banquet, Dr. Robert Fleischer, 
RPI astronomer, spoke on “A ‘Two-inch 
Grain of Dust.” He explained the prob- 
lem of dust and gas in the Milky Way, 
and said that RPI scientists planned to 
study the “dust” models of 
various shapes and _ sizes by 
microwaves; some of these 
be two inches in length. 

New officers for the Northeast Region 
are: chairman, Mr. Cenni; vice-chairman, 
Russell Edwards, Schenectady, N.  Y.:; 
secretary, James Kaler, Albany, N. Y.; and 
treasurer, John E. Welch, Springfield, 
Mass. (re-elected). 


was 


effects of 
means of 
models will 


H. S. F. 


BLAIR MEDAL AWARD 

AT WESTERN CONVENTION 

Walter H. Haas, Las Cruces, N. M., 
director of the Association of Lunar and 
Planetary Observers, has been chosen by 
the Western Amateur Astronomers to re- 
ceive the 1955 G. Bruce Blair medal for 
notable achievement in furthering ama- 
teur astronomy. 

Presentation of the medal will be a 
feature of the banquet at the WAA 
seventh annual convention, to be held in 
Yosemite National Park in California, 
on August 19-21. 

Another highlight of the convention 
will be the star party, to be held at the 
Badger Pass ski area at an altitude of 
over 7,000 feet. This will give excellent 


opportunity for testing telescopes in the 
clear air of the High Sierras. 

Those who wish to receive further in 
formation about the convention should 
write Mrs. Arthur S. Leonard, 815 Doug- 
lass Ave., Davis, Calif. Advance registra- 
tion of $2.25 may be sent to John E. 
Gabrian, 1917 Bristol Ave., Stockton, 
Calif., with remittance payable to the 
WAA Convention Committee. 

Camp Curry will be convention head 
quarters, where the meeting room, exhibit 
hall, and dining will be located. 
The convention opens Thursday evening, 
August 18th, with a public observing 
session at the campfire program on the 
floor of Yosemite Valley Camp 
Curry, for which the host societies will 
The banquet will be 


"om 


neat 


provide telescopes. 
on the following evening. 

CARL W. ANDERSON 

Convention chairman 

2581 Avalon Drive 

Sacramento 21, Calif. 


THIS MONTH’S MEETINGS 
Mich.: Kalamazoo 


Association, 8 


Kalamazoo, (Ama 
teur Astronomical p-m., 
home of Mr. and Mrs. Jerome Korman, 
2319 Fairfield Rd. June 18, Dick East, 
“Comets”; Keith Peterson, “Asteroids”; 
Phil Steffey, “Life on Other Worlds.” 

St. Louis, Mo.: St. Louis Amateur As- 
tronomical Society, 8 p.m., St. Louis In 
stitute of Technology. June 17, Dr. James 
Boyd, Monsanto Corp., 
Scorpius.” 

South Bend, Ind.: St. Joseph Valley As 
tronomers, 7:30 p.m., YMCA. June 2, 
John Urednick, “Light.” 

Washington, D. C.: National Capital 
8:15 p.m., Commerce De 
partment auditorium. June 4, Dr. E. 
Wyllys Andrews, Tulane University, “As 
Ancient Mayas of Central 


“Treasures of 


\stronomers, 


tronomy of the 
America.” 


STELLAFANE—AUSUST 20th 

The 1955 Stellafane meeting will take 
place at Springfield, Vt., on August 20th. 
The moon will be and 
good seeing is “96 per cent” predicted. 
Joint hosts are the Springfield Telescope 
Makers and the Amateur Telescope 
Makers of Boston. 

Chis traditional 
nal mecca of amateur telescope makers 
was reactivated in 1954 after a lapse of 
some years. All 
invited. No open fires will be permitted, 
but approved outdoor cooking stoves may 
be used, or picnic meals may be brought. 
The gathering begins informally during 
the afternoon and continues into the 


three days old, 


meeting at the origi- 


interested persons are 


night. 
Room 

made through the 

Springfield, Vt. 


reservations, if desired, can be 
Hartness House, 


JAMES W. GAGAN 

\TM’s of Boston 

Harvard College Observatory 
Cambridge 38, Mass. 
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YOU ASKED FOR IT... 
Snes Jews have fad a veay ~~ WORLD'S FIRST LOW-COST 


demand from schools, colleges, 


scout groups and many others for VISUAL ASTRONOMY UNIT ! 
. 


a low-priced visual astronomy 











teaching unit. 


Priced to Fit the Budget 
of any Group ! 


A compact instructional unit consisting of 
a motor-driven Spitz Junior star projector, 
accessories, and an amazing 10-foot diameter 
projection dome. The complete set-up of 
power-driven projector and _ projection 
dome, including adjustable-height table, is 
priced under $150.00 — F.O.B., Rosemont, 


Penna. 


Geared motor drive. 
Meridian Projector. 
Arrow Pointer. 


Dome Illuminator — can be used 
for sunrise and sunset effects. 


Rheostat controls for all accessories. 


10-foot, Diameter. ——») 


Easily portable —set up or take 
down in less than 10 minutes. 


Can be wire-suspended without 
legs as permanent installation. 


Lightweight aluminum and canvas 
fabrication. 


Adjustable for height. 


In Limited Production Only: 
Order directly from factory and allow approximately HARMONIC REED CORPORATION 


4 weeks for delivery. Schools and educational institu- 
tions order now for fall term. Rosemont, Pennsylvania 
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EXPLORING MARS 


Robert S. Richardson. McGraw-Hill Book 
Co., Inc., New York, 1954. 261 pages. 
$4.00. 


ESIGNED primarily for the general 

reader, this interesting volume not 
only covers the planet Mars but gives in- 
formation on the other planets in our 
solar system. It also contams some dis- 
cussion of space flight. 

The book divides into three main parts, 
the first consisting of Chapters 1 to 5. 
The first accurate observations of Mars, 
by Tycho Brahe, are described, as_ is 
their analysis by Johannes Kepler. At 
this point there is a very readable account 
of Kepler’s laws of planetary motion. 
There is a chapter on the possibility of 
space flight, the elements of rocketry, and 
an imagined flight to the moon. Next, in 
13 informative pages we find discussions 
of the possibility of a lunar observatory, 
lunar meteorites, the theories of lunar 
crater formation, and remarks concern- 
ing time on the moon. Chapter 5 takes 
us on our trip to Mars and gives further 
attention to rockets and space flight. 

The second division (Chapters 6 to 10) 
covers the main topic of the book, Mars 
itself. A perpetual calendar for Mars is 
given. In the material on the Martian 
atmosphere, we learn of the spectroscope 
and what its use has revealed about Mars. 
Polar caps, composition of the atmos- 
phere, and the temperatures on the red 
planet are all discussed. 

In Chapter 8 is one of the most inter- 
esting parts of the book, a discussion of 
the possibility of life on Mars. Some of 
the absorbing thoughts presented include 
that of the meteorologist, Seymour L. 
Hess, concerning the behavior of possible 
areas of vegetation during and after the 
blue clearing. Dr. Richardson writes: 

“If there is vegetation on Mars, it pre- 
sumably would be damaged by exposure 
to ultraviolet light, since normally it is 
shielded by the blue mist. But when, on 
rare occasions, the blue mist clears away, 
the surface is directly exposed to these 
rays, and the vegetation would be severely 
damaged. If this is the case, then the dark 
regions over which the clearing occurred 
should later exhibit an abnormal change 
in tint, because of the death of plant life 
there.” 

We are then brought to the canal ques- 
tion, on which Dr. Richardson comments, 
“Apparently the most critical factor fa- 
voring visibility of the canals is not the 
size of the telescope or a special kind of 
eye but the quality of the seeing.” This 
statement will probably be agreed to by 
the majority of experienced planetary ob- 
servers. The last section of Chapter 9 
is devoted to the moons of Mars. 

Next, for the beginner in astronomy or 
those who lack telescopic equipment, the 


author tells how to locate Mars with the 
naked eye and how to follow its path 
among the stars. Charts for identifying 
the planet are given for 1955 and the 
coming close opposition year of 1956. 

The third part takes up the other 
members of our sun’s system of planets. 
The highly readable chapters give good 
pictures of these worlds in the light of 
present-day knowledge. 

One might wish that more of the vol- 
ume had been devoted to the title subject, 
and that the advertised maps had actually 
been included. Among the illustrations 
and charts, the planetary photographs 
are large and well reproduced. 

This book can be recommended to 
those interested in Mars and especially to 
beginners in astronomy for introductory 
material on the solar system. It is written 
in an easily understood and entertaining 

D. P. AVIGLIANO 
Mars Recorder 

Association of Lunar 

and Planetary Observers 


manner. 


THE MATHEMATICAL 
PRACTITIONERS OF TUDOR 
AND STUART ENGLAND 


E. G. R. Taylor. Cambridge University 
Press, New York, 1954. 443 pages. $9.50. 


ERE is what must surely be the 

most complete study available of 
the great men and small, “teachers, text- 
book writers, technicians, craftsmen,” who 
worked with mathematics and astronomy 
between the years 1485 and 1715. The 
author gives an impressive example of 
research and scholarship, just as in her 
earlier works on Tudor and early Stuart 
geography (1930 and 1934). 

Divided into three sections, narrative, 
biographical notes, and_ bibliographical 
notes of the works of the practitioners, 
this volume is hardly intended for the 
casual reader. The last two sections (al- 
most two thirds of the book) are frankly 
presented as reference material for the 
historian of science. ‘The first section 
contains so much material on so many 
people, in such a compressed chrono- 
logical framework, that any but the most 
careful reader is apt to be overwhelmed 
in detail. 

The person who takes his history of 
science seriously should welcome this 
book. It is a notable addition to the 
reference material covering a period of 
English science that has been too little 
studied, and though the title refers to 
“mathematical practitioners,” the astrono- 
mer will find much here to interest him. 

The earlier work of the author, 
and Francis R. Johnson’s Astronomical 
Thought in Renaissance England (1937), 
have made it clear that the description of 
English science given us by Francis Bacon 
is less than adequate. For astronomers, 


Good Old Summertime 


What an asset your telescope is on the 
hot nights when sleep seems impossible. 
What a change an hour or two with the 
stars can make in the cooling atmos- 
phere. But the cloudy nights? Yes, you 
guessed it that’s where our new line 
of books will help. Check up! Need more 
charts or slides? The 1954 solar eclipse 
set is in the mails every day. It may be 
news to you but by the time you read 
this ad, we hope to have two new slide 
sets. 
. $55.50 
. $52.50 
. $49.50 
. $46.25 
$43.25 
$40.25 
$37.00 
. $34.00 
$30.00 
$27.50 
.. $24.50 
. $21.50 


chart s 
chart 
chart 
chart 
chart 
chart 
chart 
chart 
chart 
chart 
chart 
chart s 


slide sets and 
slide sets and 
slide sets and 
slide sets and 
slide sets and 
slide sets and 
slide sets and 
slide sets and 
slide sets and 
slide sets and 
slide sets 
slide sets 
slide set 

slide set 

slide set 

slide sets .. 
slide sets © 
slide sets. . 
slide sets. . 
slide set .. 
slide 

Chart sets are 8% x 11; slides, 2 x 2 (35- 
mm.). Large wall charts (27 x 35 inches) 
of any of chart set titles, $3.50 each. Dis- 
counts for quantity orders of wall charts. 


we bo We bo ce Do co 


3 chart sets. : $9.25 
2 chart sets. .$6.25 
1 chart set . .$3.50 
1 chart 


me NS C8 me OT et ee ee NS SD OO CO OO me me me IO 


10% discount on $36.00 order, or larger 


Circular? Your address please. 


ASTRONOMY CHARTED 


33 Winfield St., Worcester 10, Mass., U.S.A. 
Phone Worcester PL-5-6992 


Astronomy Films 


16-mm. sound, 400-foot reels 


SUN 
MOON 


I THE 
II THE 
Ill THE SOLAR SYSTEM 
IV THE MILKY WAY 
V EXTERIOR GALAXIES 


Narration by Dr. Ruroy Sibley. 
Highly commended by Visual 
Aid Departments, Film Librar- 
ies, Schools, Colleges and Edu- 
cators throughout the country. 
Slide Strips (35-mm.) and Slides 
(2 x 2), immediate delivery. 
Each slide strip and set of slides 
is made from 20 selected frames 
of the corresponding reel. With 
Teaching Aid. 


Catalogues on request. 


International 
Screen Organization 


609 PHILADELPHIA AVENUE 
WASHINGTON 12, D. C. 





June, 1955, Sky AND TELESCOPE 337 








Complete Your 
Astronomy Library 


MAKING YOUR OWN TELESCOPE, by Allyn 
J. Thompson. How to construct a low 
cost 6-inch telescope. $4.00 


SKY SETS | AND II. Two different collec- 
tions, 24 pictures in each set. Solar sys- 
tem, Milky Way, and other galaxies. 

Each set, $4.00 


MOON SETS. 18 pictures showing the entire 


visible face of the moon. $3.00 a set 


SPLENDORS OF THE SKY. 36-page picture 
booklet of our neighbors, near and dis- 
tant, in the universe 75¢ 


ATLAS OF THE HEAVENS, from the Skal- 
nate Pleso Observatory. 16 large charts, 
covering both hemispheres to stellar mag- 
nitude 7.75 $6.00 


INSIGHT INTO ASTRONOMY, by Leo Mat- 
tersdorf. A _ practical and informative 
introduction to astronomy. $3.50 


THE STORY OF COSMIC RAYS, by Dr. 
W. F. C. Swann, Bartol Research Founda- 
tion 75¢ 


RELATIVITY AND ITS ASTRONOMICAL 
IMPLICATIONS, by Dr. Philipp Frank, 
Harvard University 50c 


Send check or money order, or write 
for free folder 


SKY PUBLISHING CORPORATION 


Harvard Observatory, Cambridge 38, Mass 











A Complete Professional 


TELESCOPE 


the present book will fill out the detail 
in Johnson’s picture and show the other 
side of the scientific work of such men as 
John Dee, Leonard and Thomas Digges, 
and Thomas Harriott; it also describes 
the more practical aspects of the en- 
deavors of men like Robert Norman, 
William Gilbert, Henry Briggs, Isaac 
Newton, and John Flamsteed. The 
greater emphasis of the book, however, 
is on the many men hardly known in 
their own day and not at all familiar to 
us today, who taught, wrote books, and 
made instruments; the men “but for 
whom great scientists would always re- 
main sterile in their generation.” 

What structure the narrative has is sup- 
plied by the centrality of the interest in 
navigation. The author gives convincing 
evidence that this emphasis on naviga- 
tional subjects is not misplaced. The 
strongest single motivation of the mathe- 
matical practitioners, whether they were 
astronomers, or instrument makers, or 
teachers and writers, seems to have been 
the problems associated with navigation. 
It is not surprising that this book has 
been published for the Institute of Navi- 
gation. The amateur astronomer who 
chooses to read it will profit most, per- 
haps, in an increased awareness of the 
practical significance of the astronomical 
work which was done during the period 
discussed. 

Unfortunately, the arrangement of the 
material gives the untrained reader few 




















FEATURES: 





4-INCH 


4 inch Parabolic Mirror 
Aluminized plus Zircon 
Quartz layer 





DYNASCOPE* 


3 Eyepieces—(1) 65X Huygen 
(2) 130X-167X Achromatic Ramsden 





Focusing 





A fine parabolic mirror reflecting 


4-power Achromatic 
Finder Scope 


1 
2 

65X - 130X - 167X 3 Rack & Pinion 
4 





telescope for every astronomer—ama- 
teur or professional—who insists upon 5 
fine optical performance. An instru- 
ment of this high quality has never 
before sold at anywhere near this 


Combination Non-Friction 
—* & Alt-Azimuth 
n 





Bakelite 
Tube 





astonishingly low price. In fact, it is 


4-point T 
the only reflecting telescope available 7 ceeeaen” 








ror, rack and pinion focus and 3 achro- 


for under $100 with a parabolic mur- Tripod with Hardwood 
8 Folding Legs 





matic eye pieces. 

The Dynascope will resolve Epsilon 
Lyrae as four brilliant gems. The 
Herodotus Valley of the Moon can be 
clearly seen with breath-taking sharp- 
ness. Polaris and Zeta Ursa Maijoris are 
resolved with excellent definition. 

A fully achromatic precision instru- 
ment, scientifically constructed, the 
Dynascope will give you years of astro- 
nomical pleasure and satisfactory ser- 
vice. It is completely assembled, fully 
aligned, ready for use. Each Dynascope 
must pass rigid resolution and diffrac- 
tion tests before shipment and is sold 
on an ironclad money back guarantee. 


CRITERION 


MANUFACTURING CO. 
331 Church Street * Hartford, Conn. 
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CRITERION CO., Dept. STD-14 
331 Church St., Hartford 1, Conn. 


back guarantee, 4-inch Dynascope Telescope. 


() Send C.0.D 











Please ship me at once, subject 10 your money 


() Enclosed find check or money order $44.95 
(C) Free Illustrated Literature 


ee ee LI 





hints as to which of the developments are 
the most significant. ‘The account of a 
relatively minor improvement of a survey- 
ing instrument may follow directly upon 
that of invention of the slide rule. For 
a reference book this is not a handicap, 
and the indexing and cross references are 
excellent. But the general, interested 
reader will have to wait until someone— 
Professor ‘Caylor, one hopes—rearranges 
the material, assesses its significance, and 
presents a less detailed but more judicial 
account of the work done in this period. 
ROBERT E. SCHOFIELD 

Harvard University 


NEW WORLD PLANISPHERE 


Kingsland Camp. Louise Brandwein, 
Fenimore Rd. and Cornell St., Scarsdale, 
N. Y., 1953. $10.00. 


LANISPHERES have their advantages 

and disadvantages, as constellation 
students well know. But in this well- 
constructed “instrument” a new principle 
has been applied that does away with 
one of the chief faults of the ordinary 
planisphere—very small scale and exces- 
sive expansion of constellations along the 
horizon opposite to that of the observer's 
pole. 

The basic element of a planisphere is 
a star chart centered on one of the poles 
of the sky; this chart is on a disk that re- 
volves beneath an overlay cut out to show 
only the part of the sky above the horizon 
at any one time. The chart disk 
volved into position to correspond to the 


is re- 


date and time of observing, so the proper 
stars are visible. 

Not only does a planisphere tell what 
stars are above one’s horizon, and in what 
directions, but it may be used to ascertain 
how soon a particular star or group will 
rise or set. Usually, the shape of the cut- 
out restricts the observer to one latitude, 
say 40° north for planispheres ordinarily 
available in the United States. Some con- 
stellations visible from latitude 25° north 
would not even be included on the chart 
of a 40° north planisphere, but the New 
World Planisphere does not have this re- 
striction, and may be used anywhere. 

The pole-equator distance is 9 centi- 
meters, which sets the scale of the charts. 
On the northern side, however, the outer 
edge is at —20° declination instead of at 
—50° as it would be in an ordinary 40° 
north planisphere. The distortion of that 
extra 30 degrees is avoided, and the user 
must turn to the southern side for stars 
down to his southern horizon. Here 
Orion, Lepus, Columba, and groups 
with similar declinations are represented 
nearly as well as on a stereographic pro- 
jection. 

For much of the northern sky, then, 
the northern side is used; for southerly 
objects and the horizon at the east and 
west points, the southern side of the chart 
is used. 

The charts are on a stiff plastic disk: 








UNITRON Accessories .. . Including a Progress Report on New Items 


Interim Report 

At the beginning of this year in our report, 
“Prevues for 1955” (Sky and Telescope, 
January and February, 1955), we briefly 
introduced some of the new UNITRON in- 
struments and accessories. Now we bring 
you up to date on the progress made on some 
of them, and remind you of the UNITRON 
accessories which have already won many 
friends. You will find it helpful to refer 
frequently to the outside back cover which 
illustrates most of the items discussed. 


The Astro-Camera 

Photography and astronomy go hand in 
hand, and this newest UNITRON accessory 
— Astro-Camera 220——can add a new 
dimension to your observing program. Model 
220 uses the telescope objective as the 
camera lens and fits every UNITRON (with 
the exception of the 1.6” model). 


Owners of altazimuth models can photograph 
the sun, sunspots, the moon, and solar and lunar 
eclipses. An equatorial model is required for re- 
cording other celestial objects which need longer 
exposures, and the clock drive is essential for pro- 
longed tracking. The camera uses an air-operated 
curtain shutter of the Thornton-Pickard type, giv- 
ing speeds of 1/10 to 1/90 second in addition to 
bulb and time. The 36.8-mm. O.D. tube of the 
camera inserts into the UNITRON rack-and-pinion 
sleeve, replacing the drawtube. The camera may 
be positioned so that the plane of the film passes 
through the focal point of the objective, which is 
then the only optical element. When magnifica- 
tion of the primary image is desired, an eyepiece 
can be inserted into the camera tube and an image 
projected on the film. Astro-Camera 220 comes 
complete with ground-glass back, 3 double plate- 
holders for 34" x 41/4” plates or cut film, a 30- 
mm. f.| eyepiece, extens.on tubes and clamps, and 
a fitted wooden cabinet. The camera is priced at 
$69.50 complete and will be ready for delivery 
in about 60 days. 


UNIHEX Rotary Eyepiece Selector 

It is unlikely that there exists a Sky and 
Telescope reader who hasn't heard of UNI- 
TRON'’s new rotary eyepiece selector. 


Any of the 6 eyepieces may be instantly rotated 
into position to provide the magnification ap 
propriate to the subject and observing conditions. 
UNITRON owners who have kought UNIHEX tell 
us that they wouldn't part with it for any amount 
of money. We, however, will part with one for 
$24.75, for which sum we include a wooden cabi- 
net and pay the postage. The model offered until 
now has beer labeled Model A, and is designed to 
fit the UNITRON rack-and-pinion sleeve in exactly 
the same manner as described above for the 
camera tube. Recently we were petitioned to pro- 
vide the blessings of UNIHEX for owners of all 
makes of telescopes. Therefore, we offer Mode! B, 
fitted with 1144” O.D. tubing. This slips into your 
eyepiece holder and is fastened with an_ in- 
genious clamp. UNIHEX-B will hold up to 6 of 
your 1144” O.D. eyepieces. Plastic plugs are pro- 
vided to keep out the dust if fewer eyepieces are 
used. Both models are available now — please 
specify either Model A or B when ordering. 


A Trio of View Finders 

These are old friends to ATM's. Many an 
instrument has been given a finishing touch in the 
way of utility and appearance by adding one of 
these precision finder scopes. All three models 
naturally have achromatic objectives (air-spaced 
in the 42-mm. model), crosshair eyepieces, and 
come complete with mounting brackets and center- 
ing screws for collimation. Postpaid prices are 
$8.50 for the 6x 23.5-mm., $10.75 for the 8x 
30-mm., and $18.00 for the giant (15” long) 
10x 42-mm. model. (Illustrated on this page.) 


UNICLAMP Accessory Brackets 

This is an accessory we have just developed 
so you can add new UNITRON gadgets to 
your telescope without drilling holes in the 
body tube. Looking carefully at the back 
cover, you will notice that the brackets of 
the guide telescope are not attached to the 
tube itself but are screwed: into two black 
brackets that encircle the tube. 

These black brackets are UNICLAMPS. They 
are hinged at one end and, together with any at- 
tached accessory, can be installed on or removed 
from the tube in a jiffy. UNICLAMPS will be of- 
fered in sizes to fit our 2.4”. 3”, 4”, and our forth 
coming 6” refractors. With UNICLAMPS, guide 
telescopes, large view finders, sunscreen apparatus, 
counterweight assemblies, and the like can easily 


UNITRON 


C 


Objectives and Eyepieces 

If you have a refractor that is satisfactory in 
all respects but the lens, give it a new lease on life 
with a UNITRON objective. The superb perform 
ance of these lenses is, of course, the basic factor 
in our reputation for fine quality. UNITRON ob 
jectives are air-spaced coated achromats and come 
mounted in a cell. Prices are $35 for the 2.4” 
$69 for the 3”, and $135 for the 4”. We can also 
supply at slight additional cost a second holder 
for the objective cell itself. This holder comes 
with a dewcap and is ready to attach to the body 
tube. Our eyepieces can, of course, be used with 
any type of telescope. They are currently avail 
able in focal lengths from 6 to 60 millimeters. All 
UNITRON optics have been designed expressly for 
astronomical observation. We do not have any 
surplus optics from the War of 1812 (or any other 
conflict), designed for observing the enemy at 
close range. 


“ 


L. to R.: (1) 23.5-mm. 6x finder; (2) 30-mm. 8x finder; (3) 42-mm. 10x finder 


be added to those UNITRON models that lack this 
equipment. It will now be easier than ever to keep 
your UNITRON up to date and to add accessories 
as you feel the need for them. 


2.4” Guide Telescope 

We have really been surprised at the 
number of observers, intrigued by its rela- 
tively short focal length (700 mm.) and 
consequent portability, who choose this guide 
telescope for general observation in prefer- 
ence to our regular f/15 refractors. 


Adding the guide telescope to your 3” or 4” 
UNITRON is also a way to permit two people to 
observe simultaneously. With the star diagonal 
you may, of course, direct the light in any con- 
venient direction so that heads need not bump 
Just picture the possibilities—father looks through 
the main scope, mother through the guide tele- 
scope, end baby through the view finder (apolo- 
g.es to the ‘Three Bears’). The UNITRON 2.4’ 
Guide Telescope has a coated, air-spaced objective, 
rack-and-pinion focusing, and comes with star 
diagonal, mounting brackets, and wooden cabinet 
for $75. An achromatized symmetrical 9-mm. 
crosshair eyepiece is furnished as standard equip- 
ment, although any of the UNITRON eyepieces 
may be used. 


Sun Projecting Screens 

It’s interesting to watch the changing 
appearance of the solar surface from day to 
day, and many amateurs keep careful records 
of genuine scientific value. One of the most 
interesting ways to observe phenomena such 
as sunspots, and one that is ideal for group 
viewing, is with a sun projecting screen. 

Until now we have offered two sizes: 6” x 6” 
(as supplied with our 3” models) at $13.50 post- 
paid, and 7” x 7” (as supplied with our 4” models) 
at $15.75 postpaid. Now a new model especially 
designed for the UNITRON 2.4” models has been 
scheduled for production; its price will be an- 
nounced next month. UNITRON owners will easily 
be able to install the sunscreen set using the 
UNICLAMP brackets, in about the time it takes 
to say “filamentary structure of spot penumbrae.” 


Equatorial Mountings 

The UNITRON equatorial mountings are availa- 
ble separately for those who have a good telescope 
but an inadequate mount. The mounting supplied 
with our 3” Equatorial is priced at $198, complete 
with field tripod and cabinets. The mounting used 
on our 4” (illustrated on the back cover) is priced 
at $370, compiete with field tripod and cabinets 
These mountings are oversized and can easily sup 
port larger instruments 


Clock Drives 


Our first clock drive to be offered will be 
the weight-driven model illustrated with the 
4” pier on the back cover. This type may 
also be used with the wooden field tripod 
It requires no electric current and is, there- 
fore, quite handy for portable instruments 
and in locations where stringing a wire would 
be a nuisance. It’s fun to watch the spinning 
governor through the Plexiglas window. An 
alternative drive, using a synchronous motor, 
is now in the testing stage and will be 
offered for the 4”, 3”, and even the 2.4” 
Equatorials. 


Design for the Future 

We have described above some of the 
UNITRON accessories that either are already 
available or soon will make their appearance. 
Others are now in the design stage and will 
be introduced at a later date. A few, such 
as the super-secret UNIZOR, cannot be dis- 
cussed at this time. Ail UNITRON acces- 
sories are standard equipment in UNITRON 
refractors themselves and, therefore, show 
the results of our preoccupation with perfec- 
tion. UNITRONS are not gadgets and not 
toys. Neither are they assembled from odds 
and ends. They are products of a serious, 
forward-looking manufacturing program. 
That is why when you buy a UNITRON you 
invest in the telescope of today and to- 
morrow. 

WRITE FOR OUR FREE CATALOG 


See page 347 and the back cover. 


204-206 MILK STREET; 
BOSTON 9, MASS. 
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7 x 50 MONOCULAR 





JAEGERS } MOUNTED ASTRONOMICAL TELESCOPE 
DOES IT OBJECTIVE 











Air-spaced 
AGAIN?! er . 
é é Wee 3%” diameter — 48” focal length — £/15 
~ 
We offer the lowest priced, hand-corrected, precision, American-made astronomical Of the same high quality as our binoculars. 
objective, mounted in a black anodized aluminum cell. Our reputation has been estab- Many observers find them ideal as_rich-field 
lished over the years as the most reliable source of high quality astronomical lenses. We sky sweepers or as telescope finders. Brand 
have the largest selection of diameters and focal lengths in the United States available for new, coated optics, complete with genuine 
, ” iene leather plush-lined carrying case and_ straps. 
immediate delivery. 7 power; objective is 50 mm in diameter. 
$17.50 


“Those in the know’’ BUY FROM US BECAUSE: 





AN ECONOMICAL 
EYEPIECE 


This mounted eyepiece has 
two perfect fluoride coated 
lenses 29 mm in diam 
eter. It is designed to give 
good eye relief. It has an 
effective focal length of 
1%” (8x). The eyepiece cell 


fits a 1%” tube.... $4.50 


1. Hand-corrected 
2. Air-spaced 
3. BLACK ANODIZED ALUMINUM CELL 
4. Precision Mounted — Ready to Use 
5. cami 7 oe ~ 
6. 3144” CLEAR APERTURE f/15 
7 48” FOCAL LENGTH 
8. Quality Can’t Be Beat 
9. Lowest Price 
10. Fully Guaranteed 


E _ lens is Geseneiiy, Serine by - and is guaranteed to resolve two soonnds of are or better. 3X ELBOW TELESCOPE 


are corrected tor and lines (secondary chromatic aberration) zonal spherical 
aberration and the chromatic variation of spherical aberr ation are negligible. The cell is machined 
to close tolerances so that it will fit directly over our standard aluminum tubing, eliminating any 
mounting problem. 





Makes a nice low- 
priced finder. Brand 
new; has 1” Achro- 


, ‘ : F . a y A 
Air-spaced Achromatic Objective (uncoated)...................00 $28.00 postpaid matic sors aly = 
OSS FR ie oh I SAN CF ee ne eS $ 4.00 extra tem, 146” Achromatic 


Kye end Field Lens. 
Small, compact, and 
“BIG” ACHROMATIC TELESCOPE OBJECTIVES light weight, 2 Ibs. 
These are perfect magnesium-fluoride coated and cemented Gov’t. surplus lenses Gov't. Cost $200. 
made of finest crown and flint optical glass. They are fully corrected and have Plain Coated 
tremendous resolving power. They can readily be used with eyepieces of only 4” Optics $9.75 Optics $12.50 
focal length, thereby producing high powers. Guaranteed well suited for astro- 
nomical telescopes, spotting scopes, and other instruments. Gov’t. cost up to $100. “GIANT” 





Diameter Focal Length Each Diameter Focal Length Each 


54 mm (2%") 300 mm (11.811”).. $12.50 81 mm (3 3/16”) 622 mm (24%4”).. $22.50 WIDE-ANGLE 
54 mm (2'%”) 330 mm (13”)...... 12.50 83 mm (3%”) 660 mm (26”)...... 28.00 EYEPIECE 





54 mm (2%"”) 390 mm (15.356”).. 9.75 83 mm (3%4”) 711 mm (28”)...... 28.00 

54 mm (2%") 508 mm (20”)...... 12.50 83 mm (3%4”) 762 mm (30”)...... 28.00 a w this’ is "an dave IN 
54 mm (2'%”) 600 mm (23%4”)... 12.50 83 mm (3%”) 876 mm (34%”)... 28.00 piece ever made. It gives a flat field. It is 
a ane = = pe mounted in a focusing cell. This is an Erfle 
54 mm (25%”) 762 mm (30”)...... 12.50 83 mm (3%4”) 1016 mm (40”)..... 30.00 eyepiece, 1%4” effective focal length, with a 
4mm (2'¢”) 1016 mm (40”).... 12.50 110 mm (43%”)* 1069 mm (42 1/16”) 60.00 clear aperture ee oe ae 
78 mm (3 1/16”) 381 mm (15”)...... 21.00 110 mm (4%”) 1069 mm (42 1/16” 67.00 $125.00 Value $18.50 

ilsa ened BE: WRN deuincedionrasaawecencaden é 

i seneny  dorcanies ie. ah as ? 
& We can supply ALUMINUM TUBING for the above lenses. [ i] BRAND NEW COATED 1%” E.F.L. wide- 





angle eyepiece. Contains 3 perfect achromats. 
Aperture is 13/16”. (Illustrated) $13.50 








8X ELBOW 


<i : \ : MOUNTED EYEPIECES 


SUPERIOR QUALITY 
SUPERIOR WORKMANSHIP 
THEY CAN’T BE BEAT! 
We have a large stock of precision war surplus lenses, 
and have mounted them in precision mounts of 114” 
outside diameter, the standard for telescopes. Result! 
You would pay several times more elsewhere. Our prices 





This telescope will make an exceptional finder 
Objective 52 mm diameter. Focusing eyepiece, 

















turret-mounted filters, amber, red, neutral, and can’t be beat. 
clear, Illuminated cross-line reticle, quick- find 12.5 mm (%”) F.L. symmetrical eyepiece 22 mm (27/32”) F.L,. Kellner eyepiece contains 
ing level sight, and large-size Amici prism contains two cemented achromats. cemented achromat and a non-achromatic lens. 
Used.... $18.50 Brand New... $27.50 Coated lenses $6.75 Not coated $6.00 Coated ienses $6.75 Not coated $6.00 
LENS CLEANING TISSUE — Here is a 16 mm (%”) F.L. extra wide angle Erfle 32 mm (14%”) F.L. eyepiece contains two 
wonderful Gov’t. Surplus buy of Lens Paper contains five lenses. achromatic lenses. 
as ade to the highest Gov't. stand . : . nies f 
ate gl , ~ oe na ighe \ an Coated lenses $13.50 _ Not coated $12.50 Coated lenses $13.50 Not coated $12.50 
: ; : mage ” ony : , : 35 mm (1%”) F.L. symmetrical eyepiece con- 
ee SO Fe eB re rer ee $1.00 16 mm (%”) F.L. triplet eyepiece contains a tains two cemented achromats. 
three-element lens and a simple lens. 3 
“y $13.50 a $12.50 Coated lenses $8.75 Not coated $8.00 
“MILLIONS” of Lenses, etc. Coated lenses ° Not coated ° 55 mm (2 3/16”) F.L. Kellner eyepiece contains 
Free Catalogue 18 mm (%4”) F.L,. symmetrical eyepiece con- achromatic field lens and a _ non-achromatic 
tains two cemented achromats. eye lens. 
We pay the POSTAGE —C.O.D.’s you pay Coated lenses $6.75 Not coated $6.00 Coated lenses $6.75 Not coated $6.00 





postage Satisfaction guaranteed or money re 
funded if merchandise returned within 10 days. 


A. JAEGER LYNBHOOK, N.Y. 
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the overlays are also plastic, with white 
outer portions on which dates are printed 
in red. The transparent portion of each 
overlay is circular, the full size of the 
disks, so that all of the chart may be seen 
at one time. That part below the horizon 
for 40° north is a transparent green. 
Thus, stars below as well as above the 
horizon may be identified. 

Calendar reform advocates will be 
pleased to find that the World Calendar 
is used for this chart. At most, the dif- 
ference between its dates and ordinary 
calendar dates is a few days, and this is 
no more serious a discrepancy than might 
be the observer’s difference of longitude 
from a standard meridian or difference of 
latitude from 40° north. 

For use in other latitudes, masks of 
paper are provided that may be cut out 
and pasted over the proper portions of 
each overlay, but the charts do not then 
have the advantage of the transparent 
green plastic. Nevertheless, they render 
the planisphere convertible to any lati- 
tude. This same purpose could be served 
by scoring or marking the overlay plastic, 
to retain the visibility of each entire 
chart. 

The accuracy of the representation of 
the constellations appears to be very 
good; printing is clear and legible, with 
the Milky Way shown, as well as the 
ecliptic and equator and the circle of pre- 
cession of the poles. Greek letters are 
given for all stars to magnitude 3.5, and 
some stars to 5th magnitude are plotted. 
Interesting telescopic clusters and nebu- 
lae are indicated. No scales of right as- 
cension appear except around the periph- 
ery of each chart, and there are no 
declination scales at all—the meridian 
might well have been marked for this 
purpose. 

The planisphere is well manufactured 
and sturdy, but it cannot be taken apart 
to clean dirt from between the overlays 
and the charts. Grit caught between these 
faces will score the overlays in a circular 
pattern and eventually mar its transpar- 
ency. Provision for separating the disks 
should be made. Serious as this fault may 
be, this is the finest planisphere the writer 
has used. C. A. F. 


NEW BOOKS RECEIVED 
BERKELEY CONFERENCE Notes, 1954, Robert 
Fleischer, editor, 1955, Observatory of Rens- 
selaer Polytechnic Institute. 265 pages, paper 
bound. No charge. 

These are lecture notes of a conference for 
astronomy teachers, held August 12—Sep- 
tember 8, 1954, at Berkeley, Calif., under 
the joint sponsorship of the University of 
California and the National Science Foun- 
dation. The 57 lectures, by 29 experts, give 
technical summaries and bibliographies of 
topics from radio astronomy to asteroid per- 
turbations, from stellar atmospheres to cos- 
mic rays. 

A few copies of this publication are avail- 
able for distribution, especially to teachers 
of astronomy who have limited contact with 
other astronomers. Requests should be ad- 
dressed to Dr. Robert Fleischer, RPI Observa- 
tory, Troy, N. Y. 





SKY-SCOPE 


COMPLETE AS ILLUSTRATED $29.75 
The full 34-inch diameter reflecting type astronomical 
telescope that even the telescope makers talk about. 

It has been sold for more than 15 years and now is on display 
in at least two U. S. planetaria. It will show mountains anid 
craters on the moon, Saturn's rings, Jupiter's four moons and 
the planet's markings, and close double stars with guaranteed 
observatory clearness. Skyscope enjoys worldwide distribution. 

very instrument, with its % wave, aluminized mirror, is in 
dividually tested before being packed for shipment. We _ suggest 
that before buying you inquire at almost any local astronomy 
society about the efficiency of Skyscope. 100% American-made. 


We invite your attention to our free and straightforward descriptive brochure 
which also shows a photograph of the individual parts used. 


125-power and 35-power extra eyepieces 
Six-power finder, with brackets 
Holder for extra eyepieces 


THE SKYSCOPE CO., INC. 


$5.15 each 

$7.50 

R $1.00 

475-s Fifth Avenue, New York 17, N. Y. 














Astro-Domes... 


Engineered with you in mind 





Place your confidence in ASTRO-DOME 


Your observatory will be engineered to fit your space requirements. 
If an old dome is to be replaced, ASTRO-DOME will design the new 
dome to fit the area vacated by the old strueture. Perhaps you have 
a problem in locating a suitable site. We will be glad to show you 
examples of installations and cite specific instances where installation 
problems were solved. 


Whether you buy a small or large observatory, we have your needs 
in mind and we will fill your exact requirements. 


ASTRO-DOME manuracrurine, INC. 


1800-06 Wallace Ave., N.E.; Box 127, Sta. A; Canton 5, Ohio 
Telephone: GLendale 3-2142 
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WHAT’S NEW AT EDMUND’S 
by Norman W. Edmund 





Fellows: 


Dear 

The missing link has been added to our 
line—a sturdy mount for 6” telescopes. In 
the last few years we added mirrors, eye 
pieces, tubes, eyepiece rack-and-pinion hold 
ers, spiders, finders, mirror mounts, and tri- 
pods. Now that our mount is ready, we can 
also offer a complete 6” scope as well as all 
the individual parts. 

We make our mount so you can attach it 
either to a tripod or a permanent post in the 
ground. It’s made sturdy enough so that you 
can use an 8” scope on it. 

Our complete 6” reflector is a very nice 
looking job. Something anyone would be 
proud to own and proud of its performance. 
Phe tube is black inside but white outside so 
you don’t have trouble seeing it in the dark. 
It's made of plastic impregnated fibre—more 
expensive than an aluminum tube but supe 
rior for a telescope of this size. Its 6-inch, 
48-inch, mirror is of excellent quality. So 
we are quite proud of it 

Last month I mentioned we would have a 
refractor rack-and-pinion eyepiece holder. 
While it was finished too late to illustrate 
in this month’s advertising, it is now ready. 
Has a 414” travel so that you can use it for 
close-up terrestrial viewing. It’s a beauty, too 

chrome plated and black crinkle finish. 
Priced at $12.95, it is Stock No. 50,103-Y. 

We now have the latest model Spitz Jr. 
Planetarium in stock. This one has a little 
pointer with it that plugs into a small trans 
former on the side of the base. Price is still 
the same in spite of this improvement. Do 
you already own a Spitz Jr. Planetarium? If 
so, check and see if the globe is held on with 
three thumb screws. 

If so, it can be removed and a globe with 
the southern hemisphere stars attached. This 
globe costs only $3.98, order our Stock No. 
70,060-Y. More interesting and fascinating, 
though, is the “Sky Zoo” globe. This projects 
silhouettes of mythological figures. Orde 
Stock No. 70,059-Y at $3.98. Or if you want 
a new model planetarium with a Sky Zoo 
globe on it so that you can superimpose the 
Sky Zoo figures on the actual constellations 
projected by a regular globe, then order 
Stock No. 70,058-Y. Price, $14.95. This new 
Sky Zoo globe adds a lot of novelty and will 
be of special interest to schools and astro 
nomical clubs presenting group showings. 
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6” REFLECTING 
TELESCOPE 


Complete with heavy duty equatorial 
mounting and tripod. Tripod has 
cast aluminum head and rugged 
woeden legs for stability. (Folds 
for storage.) Equatorial mount has 
1” diameter shafts with Boston 
bronze bearings. 5-lb. counterweight 
for perfect balance. Locks on both 
declination and polar axis. Polar 
axis set at 40°; latitude adjustment 
made with tripod legs. Black crinkle 
finish on mount. Telescope tube 
made from plastic impregnated 
fibre. White enamei finish on out- 
side. Rack-and-pinion focusing eye- 
piece mount. 7X achromatic finder 
with crossline reticle. 6” Pyrex 
mirror—48” F.L. (f/8)—aluminized 
and overcoated—guaranteed to give 
theoretical limit of resolution. Mir- 
ror mount machined cast aluminum. 
Combination eyepiece gives 60X and 
— Extra eyepiece available for 
200X. 


Stock +85,024-Y 








$195.00 f.0.b. 





3” REFLECTOR ASTRONOMICAL TELESCOPE KIT 


Complete parts—no machining—easily assembled; 
a nine-year-old can do it! All nuts and bolts 
supplied. Nothing extra to buy. Kit includes 3” 
spherical mirror 30” F.L., aluminized and over- 
coated. Guaranteed to resolve detail right up to 
theoretical limit. Tripod 40” high with cast-ircn 
tripod head, all holes drilled and tapped (all ma- 
chining finished) Other parts made from 1” 
thick steel all ready to assemble. Smoothly func- 
tioning altazimuth mounting. Locks on both polar 
and declination axes. Polar axis at 40°; latitude 
adjustment made with tripod legs. Natural grain 


Stock #85,025-Y 


finished hardwood tripcd legs. Heavy 3/16”-wall 
kraft telescope tube with special black glare-re- 
ducing liner. Eyepiece mount has slide focus ad- 
justment. Mirror attaches on new type mounting 
with pressure-sensitive adhesive tape eliminating 
distortions. Mirror is ventilated. 60X eyepiece 
included. 90X and 120X eyepieces available at 
extra cost. Crosshair finder parts included with 
mountings. Parts zine plated to prevent rust. A 
real kit in every respect. Can also be used ter- 
restrially. Nothing extra to buy. Money back 


guarantee. 
$29.50 f.0.b. 





6” & 8” EQUATORIAL MOUNT 


Heavy %” steel plate base with five %” holes for 
attaching to your post or tripod. Welded construc- 
tion throughout. One-inch shaft with Boston bronze 
bearings. Bearings and housing 6” long. 5-lb. 
counterweight for balance on 16”-long shaft. 1%4” 


Stock + 85,023-Y 


diameter locking knobs on both declination and 
polar-axis shaft. Polar axis set at 40°; latitude 
adjustment made with tripod legs. 14” cradle 
sccurely holds from 4” to 10” diam. telescope tubes. 
Mount weighs 27 lbs. and is approximately 14” high. 


$49.50 f.0.b. 





40-90-190 POWER 
3” REFRACTOR 
TELESCOPE 


Complete With Equatorial 
Mount, 
Tripod and Prism Finder! 


Here’s a telescope bargain you have 
never seen before. This telescope uses 
the 3” objective described on the op- 
posite page. Telescope is complete — 
no extras to buy. Look at all of these 
wonderful features. Erect image. Amici 
roof prism. Bends the light at 90° angle 
for comfortable viewing at zenith and 
also for terrestrial use. Three eyepieces 
supplied with the telescope: 6.0 mm. 
for high-power astronomical viewing, 
12.5 mm. for medium power for viewing 
moon, planets, etc., and 28 mm. for 
low-power terrestrial and astronomica) 
use. Small focusing eyepiece mount 
takes 144” outside diameter eyepieces. 
Contains built-in filters which can be 
changed by turning a small knob. Fil- 
ters are red. yellow, neutral, and clear 
for use in planetary work. 


The 8-power finder telescope has a real 
achromatic objective. Bends the image 
in a right angle for convenience in 
transferring your eye from the finder to 
the telescope. The heavy-duty equa- 
torial mount can be adapted for all 
latitudes in astronomical viewing. It 
is quick and flexible for terrestrial use. 
Specially designed to adapt easily to 
slow-motion mechanism. Heavy-duty 
tripod adjustable for viewing at all 


heights. Overall length of telescope 
approximately 45”. Shipping weight 
100 Ibs. 


Stock #85,019-Y 





..$195.00 f.0:b. Barrington, N. J. 














3” ACHROMATIC 
TELESCOPE OBJECTIVE | %:.. 


Real Quality at an Unbelievable Low Price 
MAKES A WONDERFUL 3” REFRACTOR 


3-1/16” diam., 45” focal length. 
These were tested in the field by 
Hal Metzger, well-known ama- 
teur, and pronounced “equal to 
any 3” objective made anywhere 
today, even at two or three times 
the price’. Letter is in our files. 
This is an air-spaced achromat. 
The air-spacing of a lens gives 
| the lens designer four surfaces 
with which to correct aberrations, instead of only three 
surfaces, as with a cemented achromat. The result is 
a beautiful, color-free image. an image which is sharp, 
clear, with very flat field, no bad zones and fully cor- 
rected against coma. This objective is not coated, for 
we a to believe that after many cleanings a 
coated objective tends to scatter light and become in- 

ferior to a well-cleaned uncoated glass. This is your 360° SETTING CIRCLE 
chance to build a 3” refractor at low cost. A refractor 
with a lens as good as this one would cost you about 
$400.00, if bought ready-made! We supply free with this 
lens a specially designed, spiral-wound laminated kraft 
board mount which is designed to slip over our 3” alumi- 
num tube. This effectively solves your mounting problem. 


STOCK #30,166-Y— 3” Achromatic Objective 
$28.00 ppd. 
From the same manufacturing source, 
) If you 
want information on these new objectives, write for 
Bulletin #30. We will send it when it is available. 











ONLY 


28" 








Color-corrected—air-spaced 
Coming Soon! 
2” x 50” f.1. and 4” x 60” air-spaced achromats! 


PRIMARY OBJECTIVE 


RAYS ~*~_ 
FocUS—- 7 


BARLOW 


at the edges of the field. 


Stock #30,175-Y 


EYEPIECE 


DOUBLE AND TRIPLE YOUR TELESCOPE’S POWER 


with a BARLOW LENS 


WHAT IS A BARLOW? A Barlow lens 
is a negative lens used to increase the 
power of a telescope without resorting to 
short focal length eyepieces, and without 
the need for long, cumbersome telescope 


tubes. Referring to the diagram above, a Barlow is placed the distance P inside the primary 
focus of the mirror or objective. The Barlow diverges the beam to a distance Q. This focus 
is observed with the eyepiece in the usual manner. Thus, a Barlow may be mounted in the 
same tube that holds the eyepiece, making it very easy to achieve the extra power. 

The new power of the telescope is not, as you might suppose, due to the extra focal length 
given the objective by the difference between P and Q. It is defined as the original power 
of the telescope times the quotient of P divided into Q! 

ACHROMAT OR SIMPLE BARLOW? An achromatic Barlow lens will give best results, 
but our low-priced single-element lens will give you 90% of the performance of the achromat. 
In fact, on and around the axis, the image will be just as good, with slight additional color 


SINGLE ELEMENT BARLOW—FOCAL LENGTH 1-5/16”. 
Unmounted, 0.D. 1-3/16”. 


Coated. Fits in tubing listed below. 


$3.00 ppd. 





Made of heavy black plastic 
material with white markings 
divided into 1 degree. Numbered 
every 10 degrees. Diameter 4”. 
Hole diameter 2%” with a ledge 
3%”. We also include, free of 
charge, the U.S. Air Force true 
air-speed computer, which is an 
instrument made of two disks of 
black plastic. Use with the set- 
ting circle if you make your 
own. 


Stock +60,039-Y $1.25 ppd. 











HUYGENS EYEPIECES 


Here are some really terrific values in eyepieces! 
The three eyepieces listed below are manufactured 
by one of the world’s best producers of optical 
components. We have searched the world’s mar- 
kets, including Germany and France, to find a 
real quality eyepiece. The image clarity, the 
workmanship evidenced in the metal parts, will 
prove the skill and experience of Goto Optical 
Company, Tokyo. Guaranteed terrific buys at these 
low prices! 


HUYGENS TYPE — STANDARD 114" DIA. 
6 mm (%") Focal Length 

STOCK #30,063-Y 

12.5 mm (12”) Focal Length 

STOCK #30,064-Y 


COMBINATION EYEPIECE 
STOCK #30,065-Y $9.00 ppd. 


This Huygens eyepiece, used in different arrange- 
ments of the lens elements, gives focal lengths of 
10 and 20 mm, allowing you to double the power 
of any objective or primary mirror. Standard 
equipment with our Palomar, Jr. reflecting tele- 
scope. Easy directions for assembling for different 
powers are included. 


rmion EYEPIECE MOUNT 


.. - Available with 1 
Diagonal Holder s 5 | | es 


Now—you can improve per- 
formance in a most impor- 
tant part of your telescope— 
the eyepiece holder. Smooth, 
trouble-free focusing will 
help you to get professional 
performance. Look at all 
these wonderful new fea- 
tures: Real rack and pinion 
focusing, with variable ten- 
sion adjustment, gives you 
microscope-smooth focusing 
action. Focus travel over 2”. 
Drawtube accommodates 
standard 1%” eyepieces, 
giving your present tele- 
scope a wide, varied range of power. Standard size 
opening also allows the use of accessory equip- 
ment, such as sunspot projectors, filters, eyepiece 
prism diagonals and terrestrial erectors. Light- 
weight aluminum body casting. Rigid mounting 
achieved by drilling four small holes in tube, 
whether paper or metal. Drawtube and_ rack 
chrome plated brass, body in black wrinkle finish. 


Stock #50,077-Y (less diagonal holder) 9.95 ppd. 
Stock #60,035-Y (diagonal holder only) 1.00 ppd. 


ORDER BY STOCK NUMBER 


BARRINGTON oe 


MOUNTED 
ERFLE EYEPIECE 


68° FIELD OF VIEW 


ie 
Consists of 3 coated achro- 

ut” mats in metal mount with 

: spiral focusing. oo 2%”. 
Dia. 54 mm., length 54 mm. 
War surplus. Govt. cost about 
$84.00. This is the type war 
surplus bargain that will be 
talked about in years to come. 
Buy while you can. Our price 
will jump soon. 


Stock #5160-Y, 12.50 ppd. 


sures [ELESCOPE 
EYEPIECE 


Mounted Kellner Eyepiece, 
Type 3. 2 achromats, F.L. 28 
mm., eye relief 22 mm. An ex- 
tension added, O.D. 1%”, 
standard for all types of tele- 
scopes. Govt. cost $26.50. 


Stock #5223-Y, 5.95 ppd. 


SPHERICAL TELESCOPE MIRRORS 


Ground, polished, aluminized, silicon monoxide 

overcoated. You can’t buy better quality. Remem- 

ber, good Spherical Mirrors of £/10 and higher, 

are perfectly satisfactory for reflecting telescopes. 

STOCK NO. DIAM. a PRICE 
“ 3 


50,082-Y $9.95 
50,051-Y 4," 45" 15.00 


RIGHT ANGLE PRISMS 


Excellent for use as a diagonal on a Newtonian 
telescope. Also used in refractors to bend light 
rays for more comfortable viewing. These are 
all within 4% wave length tolerance. 


STOCK NO. Dimension of Faces 
3252-Y 24 x 24 m.m. 
3155-Y 31x 31 m.m. 
3255-Y 38 x 35 m.m. 
3169-Y 41 x 40 m.m. 


Price ppd. 
$2.50 





BE SURE TO GET FREE CATALOG “Y” 
Fantastic variety — never before have so many 
lenses, prisms, optical instruments, and compo- 
nents been offered from one source. Positively 
the greatest assembly of bargains in all America. 
Imported! War Surplus! Hundreds of other hard- 








to-get optical items. Write for Free Catalog ‘’Y’’. 





SEND CHECK OR MONEY ORDER 


NE W 


BRASS TUBING 


2 pieces. 3” long, slide fitting. Blackened brass 
LD. 1-3/16", O.D. 1-5/16”". To fit single-element 
Barlow above. Complete directions. 

$1.25 ppd. 


Stock +40,165-Y 





“MAKE-YOUR-OWN” 4%” MIRROR KIT 


One of our fine telescope mirrors, polished and 
aluminized, lenses for eyepieces and diagonal. No 
metal parts. 


Stock #50,074-Y 


7X — FINDER TELESCOPE — ACHROMATIC 
Stock 7#50,080-Y Finder alone, less ring 
mounts 

Stock #50,075-Y Ring mounts per pr., $4.95 


ASTRONOMICAL TELESCOPE TUBING 
Stock No. 1.D. O.D. Lgth. Description Price 
80,038-Y 4%” 5%” 46” | Spiral-wound { $2.50 
85,008-Y a7. S08 paper t 4,00 
85,011-Y 2%” 3” : 6.00 
rete ys . Aluminum oo 
85,014-Y 6%” rai 15.00 
All tubing is shipped f.o.b. Barrington, N. J. 


wooe. SPITZ Jr. PLANETARIUM 


Designed by Armand Spitz. 

Projects nearly 400 stars, 

more than 70 constellations 

in their correct relationships 

Use it in any darkened room 

of the house, project it on 

walls and ceiling. No bat- 

teries, works on ordinary 

household current. Two sim- 

ple adjustments that show 

you the sky as it appears 

from any point in the North- 

ern Hemisphere . . . for any 

time of night ... for any 

month of the year! Rheostat 

brightness control. A 32- 

page book included free of extra cost. Contains 
valuable information about the stars, provides easy 
identification of the constellations. Also FREE — 
illuminated pointer. 


$16.25 ppd. 


About 14” high on a 7” x 7” base. Projection 
sphere 7” diameter. Weight 3 Ibs. Now available 
supplementary spheres for Southern Hemisphere 
and “Sky Zoo.” 


Stock +70,040-Y $14.95 ppd. 


MOUNTED BARLOW LENS — Short Focal Length. 
E.F.L.: —1.74*+0.01 inches. Clear aperture: 0.96” 
O.D. of cell: 14)”. 

Stock +30,140-Y 15.00 ppd. 
STAR SPECTROSCOPE — Imported! Doubles the 
usefulness of your Telescope. 2%" long. 

Stock +50,023-Y .. : 32.75 ppd. 
60° SPECTROMETER PRISM — Polished surfaces 
18 mm x 30 mm — flat to % wave length. 


Stock +30,143-Y ............. 8.25 ppd. 


SATISFACTION GUARANTEED! 


A = ae =e 
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STAR FINDER TELESCOPE 


Uses a very fine objective and eyepiece. No 
crosshair. High eye relief. 6 power. Weight 
2 Ibs., 10 oz. Diameter 2%” x 12” long. 
Complete with optics. $30.00 plus postage 


FINDER BRACKETS 
trass rings 2%” inside, with three centering 
set screws set in circumference, have feet at- 
tached which can be secured to outside of 
telescope tube. Per set of 2 $5.00 


PRECISE FOCUSING 
MECHANISM 


For Reflectors 
or Refractors 
Takes Standard 1%” 
Eyepiece 
Full 1%” of fine focusing 
motion with 3” of exten 
sion tube. One revolution 
of knurled knob produces 
0.163” motion along op 
tical axis. Absolute cen 
tering guaranteed. No 
play. Will not bind or 
lock. No rack-and-pinion 
to strip. Precision manufacture allows smooth, 
easy positive focusing. Adapted to every type 
f construction. Drilled to hold 
support. Of brass through 
$18. 


of telescope 
diagonal mirror 
out. Weight 1 Ib 


ACHROMATIC 
NEGATIVE 
BARLOW LENS 
Read what Mr. R.A. 
Gibson of Nutley, N. J., 

says: 

“You may be interested 
in knowing of the excel- 
lent results I am obtain 
ing with the Negative 
(Barlow) Achromatic lens. 

“IT have a 6” telescope using one of your 
(Ross) mirrors 1 get a magnification of 
300x using a 4%” eyepiece. With this combi- 
nation I get excellent resolving power. By 
adding the Barlow lens to the 4%” eyepiece, I 
obtain a magnification of 450x with equally 
good resolving power.” 

Magnification factor 114 times. Little loss of 
light. Minimum astigmatic distortion. Achro- 
matic negative lens in aluminum mount; 
1-1/16" diameter; minus 12” f.1. Outside 
surfaces fluoride coated $2.00 each 


STAR DIAGONAL 

For the convenient 

observation of stars 

near the zenith, a 

prism is indispensa 

ble. It is placed be 

fore the eyepiece to 

direct the pencil of 

light rays so that the 

axis of the eye-lens is at right angles to the 

axis of the telescope. Our “Star Diagonal” 

is especially manutactured for this purpose. 

Fits standard 1%” eyepiece holder and takes 

standard 144” eyepieces. Price, including fine 

quality light flint glass fluoride coated 1%” 

prism: $15.50 
Equivalent straight-tube length 4” 
Prism easily removed for cleaning. 


SAFETY SUN FILTERS 
The SAFE AND SANE way to look at the 
SUN—use our Special Safety Sun Filters. 
Kach one is 50-mm. (2”) diameter and 2-mm. 
(1/16”) thick; polished flat on both sides. 
1. View the sun directly by looking through 
filter with unaided eyes 
2. Place filter at the eyepoint of the ocular 
and observe with any power after limiting 
the objective (with a diaphragm) to under 2”. 
3. Use filter as a limiting diaphragm in 
front of the objective of the telescope. 
For Winter sunlight use #WF12 
For Summer sunlight use #SF14 
Only $2.00 each or $3.00 per set of any 2 above. 
Remit with order. Include postage. No C.O.D. 


HARRY ROSS 
Telescopes - Microscopes 
Comprehensive Catalog — $1.00 
70 West Broadway, New York 7, N. Y. 
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GLEANINGS FOR ATM’s 


EDITED BY EARLE B. BROWN 


AN ELeEctrRiC PoRTABLE REFLECTOR 


S AN INSTRUCTOR in the tele- 
A scope making classes conducted by 
the Optical Division, Amateur Astrono- 
mers Association, | have made the 6-inch 
{/8 reflector illustrated here. The Opti- 
cal Division conducts classes in mirror 
processing and has a fine machine shop 
in the basement of the Hayden Plane- 
tarium in New York City. 

The metal parts of the instrument are 
machined from aluminum castings and 
stainless steel. The 52” tube is of bake- 
lite, covered with black imitation-leather 
cloth such as is used on cameras. There 
are two finders, the larger giving 6 power 
and an erect image, as it has a roof prism. 
The smaller one was made from the 2x 
eyepiece of a war-surplus sextant. 

Also at the eye end of the telescope are 
a long bar that serves as a counterweight, 


and an aluminum ring to give bettet 
support for the spider that holds the 
diagonal flat and secondary assembly in- 
side the tube. 

The mirror cell can be removed and 
reinserted into the aluminum ring at the 
lower end of the tube without disturbing 
the collimation of the optical system. At 
the middle of the tube is a strap and 
snap-clamp arrangement which allows in- 
stant removal of the telescope tube from 
its saddle. The tube can be rotated by 
any amount necessary to bring the eye- 
piece into a convenient position. 

The setting circles can be turned by 
hand to any position, yet there are no 
set screws needed to keep them moving 
with the declination and polar-axis shafts. 
The index posts can be similarly adjusted, 
without set screws. 


Maurice Shapiro's 6-inch reflector has an electric drive. 








This closeup shows details of the equatorial head. 


The manual declination control and 
the right-ascension drive utilize 
gears salvaged from = war-surplus_ pano- 
ramic sights. A small electric clock that 
1 made from war-surplus parts drives the 
instrument. The telescope can be moved 
by hand while the drive is running, but 
there are clutches attached to each slow 
motion for quick disengaging if necessary. 

\t the top of the tripod head, I in- 
serted a large ball bearing and race from 
the rear end of a junked car. This per 
mits easy rotation of the telescope in a 
horizontal plane for terrestrial use; the 
roof prism in the star-diagonal eyepiece 
holder provides an erect image. 

Che tripod itself is of aluminum. It 
is braced by an arrangement 
of aluminum bars, and the vertical shaft 
stainless steel allows the tripod to be 
My eye- 


worm 


umbrella 


of 
easily collapsed for portability. 
pieces were all machined from aluminum, 
and surplus lenses were used for most 
of them. This instrument has well re- 
paid my efforts in building it. I will be 
glad to answer questions about its con- 


struction. 
acta MAURICE SHAPIRO 


410 E. 169th St. 
New York 52, N. Y. 


HOW MUCH DOES TEMPERATURE 
RISE DURING POLISHING? 


_ on telescope making discuss 
the changes in temperature of mirror 
and tool during the polishing and figur 
ing stages. While polishing a 6-inch [/3.5 
mirror, I performed an experiment to 
determine just how much temperature 
change was involved. 

\ Chromel-Alumel thermocouple junc 





ASTRONOMICAL INSTRUMENTS 


OF QUALITY 
V ade 
Optical Instruments including stand- 
ard Telescopes and all accessories. 
Ramsden eyepieces from '4” to | 2” 
focal length $9.50 
Kellner eyepieces from '4” to |” focal 
length $15 to $18 
Orthoscopic eyepieces in | /3”, 2/3” 
and |” focal length $20 

SPECIAL! 
6” Equatorial refractor, pier-mounted, 


electrically controlled and actuated 
motions $1,800 


LABORATORY OPTICAL CO. 


Plainfield, New Jersey 


in America 








LA 
BERAL COATINGS 


xx 
ideal front 


rhe 

precision mirrors for these reasons 
Beral has HIGH reflectivity 
Beral is HARD; does not 
Beral can be cleaned easily no J 
OVERCOATING of quartz 
Beral is NOT a Chromium 

removed easily 

Beral coating telescope 

2.25, 4"-$2.75, 5”-$3.00, 


————S 
x* 


coating for surface 


sleek asily 


alles 
can be 

Prices for 

rors ”.$ 


$4.00. 8".$4.50, 9%-$5.5/ 


$3.50, 7” 
$6.50, 11”-$8.50 124,"-$9.75 Prices 


mm request Add 
return shipment 


7” diameter 


surance tor 


sizes up to 
Postage In 


LEROY M. E. CLAUSING 


8038 MONTICELLO AVE. SKOKIE, ILL. 


* 








Complete Telescopes 


6” as illustrated $660 


Ramsden 
Eyepieces 
$6.15 postpa 


Eyepiece an 


Finders 


Equatorial 
Mountings 
$100 up 


Prisms 
Write f 
Cc. C. YOUNG CO. 


25 Richard Road, East Hartford 8, Conn. 





Supplies 


id 
d 


Prism Holders 
Mirror Cells 








Aluminized Pyrex 


Diameter 
“4% wave 

$30.00 

50.00 

65.00 

115.00 

195.00 


The mirrors in the last column are 
stated and are free of astigmatism. 


NYE OPTIC 


2100 Cherry Avenue 





Parabolic Telescope Mirrors 


Specification (mereury light) 


1/15-1/20 
$300.00 
150.00 
675.00 
1000.00 
2100.00 


le Wave wave 


$40.00 
65.00 
85.00 
145.00 
250.00 


Revised price list 


guaranteed to be within the tolerances 
Edge has %” ground from diameter for 


manufacturing expedient. Delivery by written appointment. 


AL COMPANY 


Long Beach 6, Calif. 








June, 1955, Sky AND TELESCOPE 


345 











Astronomical Supplies 


ORTHOSCOPIC GCULARS 


All hard coated 
28 mm. $13.00 
16.8 mm. $13.50 
10.5 mm. $14.75 
Warranted to equal or surpass any 
oculars obtainable anywhere or money 
refunded 
Mirrors, kits, castings, spiders, flats, 
focusing devices, prisms, aluminizing. 

Send for Catalogue. 


Telescopics 


7 mm. $15.50 
4 mm. $16.50 





1000 N. Seward St., Los Angeles 38, Calif. 


e 


4444444 DELUXE PYREX 4444444 


Reflecting Telescope Kits 
Our kits have PYREX mirror blank, 
PYREX tool the same thickness, am- 
ple supply of optical quality abra- 
sives, fast polishing cerium oxide, red 
rouge and pitch. Packed in metal cans. 





Price 
$ 5.50 
$ 9.50 
$17.00 
13%4” $29.95 
2” $52.95 
VOSTAGE: Ist and 2nd postal zones 
from Detroit, add 5%; 3rd and 4th, add 
10%; Sth and 6th, add 15%; 7th and 8th, 
add 20% Or we will ship C.O.D. 
ASHDOWNE BROS. 

18450 Grand River Detroit 23, Michigan 
44444 444444444444444444444464 


Size Thickness 
44" 3%” 





| 6” 1” 
| See tw 
10” 
| 





Mts 


ADD 





TELESCOPE MAKING 
SUPPLIES 


t-leg Spider or Diagonal Holder, made of 


with threaded steel rod $1.50 


Holder, brass tube in pressed 
Fits standard eyepiece. $2.50 


brass, 


Eyepiece 
steel flange. 


) 


Long Focus Ramsden Eyepiece. 2 polished 
plano mounted in plastic 
tube Standard O.D 30-mm. e.f.1 


$2.00 


PYREX MIRROR MAKING KITS 

PYREX mirror blank with 
glass or additional Pyrex for 
pitch, rouge, 


lenses 
14%” 


convex 


Consist of 
either plate 
tool. Six 
and cerium oxide 
Diameter Plate-Class Tool 

6” $ 8.75 

8” $11.75 

10” $20.00 $29.00 
121” $36.75 $51.00 


Postage Paid to Ist and 2nd postal zones from 
2 Add 5% 3rd and 4th zones, 10% 5th 
and 6th zones. Add 15% 7th and 8th zones 


selected abrasives, 


Pyrex Tool 
$ 9.75 
$16.50 


Send for free catalog of optical supplies 


DAVID WILLIAM WOLF 


74 Hunnewell Ave. Elmont, L. 1., N. Y. 
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tion was buried near the center of the | 


pitch lap, about 1/16” below the surface. 
Thermocouple wires were brought out to 
the periphery of the tool along the bot- 
tom of one of the V grooves in the tool. 
These were connected to a Leeds and 
Northrup galvanometer, for which a 
change of 0.041 millivolt corresponds to 
a change of one degree centigrade at the 
thermocouple. A thermometer suspended 
directly above the polishing table showed 
no more than half a degree Fahrenheit 
variation in air temperature during the 
experiment. The reference junction of 
the thermocouple was in a mixture of 
distilled and ice made from the 
water. 

Since I never use a handle on a mirror, 
a pair of heavy leather gloves was worn 
to minimize transfer of heat from my 
hands to the work. Two-inch strokes 
were used at a rate of about 100 per 
minute, with rouge as the polishing agent. 

The experiment was in three parts. In 
the first, I polished for 15 minutes, during 


water 


which the temperature rose 3.9° C. A| 


slight increase in temperature was ob- 
served after the actual polishing had 
stopped, indicating that the tool had 
variations in temperature. The mirror 
was left on the tool, and it took more 
than three quarters of an hour to return 
to the original temperature. 

In the second case, the polishing action 
of 15 minutes brought the reading up 
again to a slightly higher value 
before. 
the tool, which its original 
temperature in about 10 minutes. Prob- 
ably this was true only for the exposed 
upper surface; the lower portions may 
well have taken longer to cool. 

For the third part, I tried an unusually 
long period of polishing, 27 minutes, 
which raised the temperature 5.85° C. 
The mirror was again left on the tool, 
and this time it took almost an hour to 
return to the original temperature. 

The following data for the first case 
indicates how the cooling took place: 
Polishing began with a reading of 0.70 
my. at 10:10 p.m.; polishing ended, 
0.86 mv., at 10:25. During cooling the 
readings were 0.87 at 10:27; 0.80, 10:37; 
0.75, 10:50; 0.73, 11:00; 0.71, 11:15. 


cooled to 


than | 
The mirror was then taken off | 


For a 6-inch f/8 mirror the depth of | 
glass removed in figuring is about 11 | 


millionths of an inch. 
increase of 4° C., the expansion exceeds 
this amount, since with a coefficient of 
expansion of 3.3 x 10° per degree centi- 
grade, we get 4 X 3.3 or 13.2 millionths. 

These results indicate that the opti- 


At a temperature | 


cian’s habit of polishing for short periods | 


and waiting for the mirror to cool before 


testing is indeed the correct procedure. | 


After any lengthy polishing spell, at 
least an hour’s time should 
for cooling before knife-edge tests are 


attempted. 


Westinghouse Research Laboratories 
East Pittsburgh, Pa. 


be allowed | 


W. A. FEIBELMAN | 


| 
| 





we specialize in 
Custom Made 
MACHINE WORK 


for the 


Amateur Astronomer 
Equatorials 
Setting Circles 
Precision Parts 
Made to your specifications 
Send sketch 


Astrow 


115 Woodworth Ave., Yonkers, N. Y. 
YOnkers 5-7559 








Precision Diagonals 


You will get the best possible performance 
from your telescope with one of our clear 
fused quartz diagonals. Accuracy guaran- 
teed 1/20 wave. 


Ellipse 1225" x 1,77" $10.00 
Ellipse 1.5" x 2.12” $12.50 
Aluminum coating $1.00 extra. 


Send for list of other sizes, 
quartz mirrors and mirror blanks. 


BAUSCH & LOMB BALSCOPES 


Choice of 15x, 20x, 30x, or 60x 
eyepiece, postpaid $95.00 


E& W OPTICAL CO. 


2406 E. Hennepin Ave. 
Minneapolis 13, Minn. 








Everything for the 


AMATEUR 
TELESCOPE MAKER 
FREE 


Send for Price List and Catalogue 
@ LOW PRICES e 
$4.50 and up 
ALUMINIZING 
Reflecting Surface, Fine 
Will not Peel or Blister. 


KITS 


Superior Finish, 


Prisms | Mirrors Mirrors 
Eyepieces Tested Made 
Accessories Free To Order 


We have been supplying amateurs 
for over 33 years. 
. . . 
Precision Optical Supply Co. 


1001 E. 163rd St., New York 59, N. Y. 











The British 
Astronomical Association 


Founded 1890, now 2,000 members 
Open to all interested in astronomy 


Chief objects are mutual assistance 
in observation, and circulation of 
astronomical information. Publica- 
tions: Journal, about 8 times yearly; 
Annual Handbook; Circulars giving 
astronomical news; Memoirs of the 
Sections (Sun, Moon, Planets, Com- 
ets, Aurorae, Meteors, Variable 
Stars). 


For further particulars write 
The Assistant Secretary, B.A.A. 


303 Bath Road, Hounslow West, 
Middlesex, England 














UNITRON Leads in Value and Quality 


UNITRON 


ted 


sane 


of telescopes each of which is 
worthy of the distinguished 
UNITRON name and reputa- 
tion — your guarantee of 
value and quality. 

> 


Insist upon these UNITRON 
features! Don’t accept a 
telescope offering less. 1.6” ALTAZIMUTH ($19 Down) 





@ LENSES are FULLY CORRECTED for 
spherical and chromatic aberration and are 
COATED for maximum brilliance and 
clarity of image. AIR-SPACED OBJEC 
TIVE insures freedom from “clouding” 
with age. 


@ EYEPIECES OF THE HIGHEST 
QUALITY: Orthoscopic, Achromatized Sym 
metrical, Kellner, Huygens. Three to six 
eyepieces included with each instrument as 
standard equipment. 


@ FINEST MATERIALS throughout. 
DURALUMINUM TUBE. Moving parts of 
BRASS carefully machined to close toler 
ances, and finished in CHROMIUM. 


@ MODERN DESIGN based on _ time- : 
tested engineering principles. HANDSOME ; ; 
APPEARANCE to which no _ illustration > ae AS mn ~ “ 

ahi ie fastite. 2.4” ALTAZIMUTH ($31 Down) $125 


@ STURDY TRIPOD may be folded for 
convenient storage. 


@ EQUATORIAL MODELS have §slow- UNIT-RON 


motion controls for both declination and 
right ascension as well as rapid-motion 
controls, 


@ ALTAZIMUTH MODELS have slow 
motion controls for both altitude and azi 
muth as well as clamps. 


@ VIEW FINDER with crosshair eyepiece 
gives wide field of view. 


@ RACK-AND-PINION FOCUSING. 


@ PRISMATIC STAR DIAGONAL for 

convenience in observing at all altitudes. 

Permits observation in any direction at 

right angles to the telescope tube. You may, 

therefore, observe while sitting as well as 

standing. Diagonal may be removed for 2.4" FQUATORIAL, ($56 Down) 

direct observation. 7 
UN ITRON @ ERECTING PRISM SYSTEM for 

pone ge tage OBSERVATION may be 

used with any of the eyepieces to give the 

same complete range of Scoveunelel magnifi UNITRON 

cations as for celestial observation. Prism 

system detaches when not in use to permit 

maximum light intensity. 


m, @ SUNGLASS for solar observation. 
&» @ SUN PROJECTING SCREEN is stand 
ly \ ard equipment on 3” and 4” Equatorial 

Er Models and available for other Models, 
@ Complete operating INSTRUCTIONS 

. provided, 
@ FITTED WOODEN CABINET for 
storage of telescope and accessories. Tripod 
case, 
All Instruments Fully Guaranteed 


Send check or m. 0. or 25% deposit, bal 
ance C.0.D. Shipment express collect. 


USE OUR EASY PAYMENT PLAN 
Free Catalog Available 
See page 339 and the outside back cover. 3” EQUATORIAL, ($108 Down) 


204-206 MILK STREET, 
BOSTON 9, MASS. 
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OBSERVER’S PAGE 


Universal time is used unless otherwise noted. 


its 


We try 


that 


EpsiLoN AURIGAE BEGINS TWO-YEAR ECLIPSE 


caused by a flat ring of solid particles sur 
rounding the invisible companion (Sky 
talked-of stars among astronomers. It and Telescope, November, 1953, page 6). 
will undergo a two-year eclipse that can In this case, the invisible star would 
be watched by any amateur, using no probably be much smaller, but the ring 
equipment except the naked eye. This would be not much less in extent than 
star is located at the apex of the small our solar system. 
triangle of stars known as the Kids, near The accompanying chart of the brighter 
Capella, located low in the northwest — stars in Auriga and vicinity gives their 
after sunset this month. visual magnitudes, taken from the Har 
The sequence of events opens with the vard Revised Photometry. Epsilon Auri 
beginning of eclipse this June. Epsilon gae, marked with a circle, is at maximum 
Aurigae, normally of magnitude 3.2, will light slightly brighter than Eta, and at 
fade very gradually until it is 0.8 magni- minimum somewhat fainter than Zeta. 
tude fainter by December, 1955. The These two neighboring stars will be use- 
variable will then remain at minimum ful standards of comparison for visual 
light until November, 1956, when a slow — observers of the light changes of Epsilon. 
recovery will set in, bringing the star back —_—_—_—_———_ 
to tull normal brightness in May, 1957. MOON PHASES AND DISTANCE 
Superimposed on this pattern of light’ pyyy 14:08 
changes are small, irregular fluctuations — | act quarter June 13, 12:37 
ranging up to 0.2 magnitude. New moon June 20, 04:12 
Epsilon Aurigae is an eclipsing binary — pirgt quarter June 27, O44 
star with the exceptionally long period of — pyj) moon “July 5, 05:28 
27.1 years. Its brighter, F-ty pe component Wisiaiicies 
will undergo photometric eclipse, but akan 
already spectral changes associated with weve nati 
the eclipse have been observed, as de- 33° 23 
scribed in the article by Otto Struve in the 
February, 1953, issue. ‘There the begin- 


URING the next two years, Epsilon 
Aurigae will be one of the most 


h leather craftsmanship. 


ritis: 


Each Questar comes in a hand-made vel- 
Thus we submit that at $795, with all 
accessories, Questar is an excellent lifetime 


a consequence of the requirement that these 
vet-lined fitted case, in itself a fine example 


superb optics must be mounted in precision- 


and there is no reason why good instruments 


should not become valued heirlooms. 
investment, and well worth your considera- 


tion. We will te glad to send a booklet on 
request, and a check for $200 will reserve 
your instrument. Questar Corporation, New 


chances of outlasting us all are excellent, 
Hope, Pennsylvania. 


several parts is a matter of tenths of a 


ity needs no superficial styling. The fit of 
thousandth of an inch. 


machined fine metals, whose inherent qual- 
to make each Questar so well 


of B 


and 


to a degree of 


moon June 5, 


Distance 
252,400 mi. 
222 400 mi. 


the delightfully versatile 


elegant Questar might be compared to a 


June 
Apogee 5, 03" 
Perigee 19, 14" 
July 
\pogee 2, 09" 


That its appearance is handsome is 


Perhaps 


252.200 mi. 


99’ 97" 


were seven feet instead of little more than 
seven inches. In this realm of hyper-accu- 


racy, the classical Foucault and Ronchi tests 
were found to be not always sufficiently 


revealing, and for a long period the only 
test that was really conclusive was the test 


of actual performance in the finished in- 
easily check it, each Questar must perform 


beautifully and correctly. And this is only 


possible when both correcting lens and mir- 
ror are in perfect balance optically, with 


their curvatures accurate 
precision chronometer among conventional 


perfection simply not needed for conven- 
clocks. 


proof of our product, and since anyone can 
tional instruments. 


strument. Since performance is the ultimate 


ning of the 1955 eclipse was erroneously 











TRIPLES “SCOPE 


given as August, instead of June. 

This double star system is one of the 
outstanding puzzles in astronomy today. 
The star that is being eclipsed is a super- 
giant, probably about 300 times the di- 


ameter of the sun, as large as Antares. 
The eclipsing component is believed to 
be 1,000 times larger yet, in volume, and 
is so tenuous that the F-type star con- 


PERFORMANCE! 


Sharper images at higher powers! 
A startling statement positively 
proven in 16-page telescopic educa- 


tional matter sent free on receipt of 
self-addressed long envelope bear- 
ing nine cents (9c) return postage. 


tinues to shine through it even though 
the eclipse is “total.” However, Z. Kopal 
has suggested instead that the eclipses are ‘ 

First, the Goodwin Resolving Power lens 
placed in front of eyepiece gives three 
times the magnification on each by 
lengthening your primary focal length 
angle up to three times, yet extends eye- 
Piece out no more than two inches from 
normal. This alone sharpens definition. 


Next, by achieving your highest powers 
on more comfortable low-power’ eye- 
pieces, you lessen image deteriorations 
due to short-focus acute bending of the 
convergent beam, since all usual eye- 
pieces are f/1 or less. 


Third, you get greater illumination and 
wider field by relieving tiny aperture 
restrictions of higher-power eyepieces. 





gers 


It appears to be about four times 


Conventional long-tubed instruments are 
difficult enough to produce, but consider 
harder to make an f/4 mirror than an f/8, 


for a moment the problem of severely short- 
ening a telescope’s overall length. Consider 
in fact just one of the problems that had 
to be solved before Questar could offer all 
the benefits of convenience and portability 
possible to a telescope with a very short 


1722 were sought by men of means and 
culture all over the civilized world. Appar- 


ently Short felt so strongly about his hard- 
won experience and skill that he kept his 
methods secret and even caused his tools 


to be destroyed upon his death. 
of surface to withstand our requirements 


that they act as though their focal length 


while f/2 mirrors like Questar’s must be 
something like sixteen times more exquisite 


tube. 


research 


The Resolving Power lens is achro- 
matic, coated, gives flat field sharp to 
the edge. Here is astonishment! Price 
$17.50 in 4” long adapter tube fitting 
standard 144” eyepiece holders ONLY 
(but adaptable to Unitrons only. 
State if Unitron). Money back if not 
positively thrilled after two weeks 
trial! 


No COD’s—Colleges and Observa- 


tories may send purchase order. 


FRANK GOODWIN 


345 Belden Ave., Chicago 14, Ill. 


like 


telescopes, 
microscopes, are set apart from ordi- 





186@8 TAuRi 











nary optical devices, in that each must 


ronomical 


st 


A 


Epsilon (¢) Aurigae and neighboring 
stars in the Auriga-Perseus region. 





Compound telescopes, on the other hand, 
have always been exceptionally difficult to 


Past the point of requisite precision, then, 
make, and the new ultra-compact Questar 
is no exception to the rule. The first great 
optician to master compound reflectors was 
James Short, whose table telescopes after 


no additional refinement can add much, once 





be able to show as much fine detail as the 
best lens or mirror of like diameter that 
man can polish. 

surface irregularities are adequately smaller 
than the wave lengths of light. Nowadays, 
out by many people, and the necessary skill 
is no longer limited to a few celebrated 


perfect conventional instruments are turned 
makers. 
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CORRECTION 

On page 267 of the May issue, the first 
three lines of the second paragraph of 
the article “A 60-foot Radio Telescope for 
Harvard Observatory” should read: “The 
radio astronomy project at Harvard is 
directed by Prof. Bart J. Bok, who is R. 
W. Willson professor of applied astron- 


omy, and Dr. Ewen.”’—ED. 


MARS OCCULTATION 


Although the April 24th occultation of 
Mars by the moon was not listed for sta- 
tion F (longitude 98°.0 west, latitude 
31°.0 north), some 130 miles south olf 
here, a grazing occultation occurred at 
Dallas. Ted Cramer and I watched Mars 
disappear at the southern tip of the 
crescent moon at 9:07 p.m. CST. Emer- 





optical illusion “projects” 
identify the constellations. 


Offered complete with satisfaction 
guaranteed 


TRI G CO. 


Pacific Palisades, California 


xi. STAR VIEWER 


Not A Telescope 


y ta A new optical method of positioning the outlined figures of the 
constellations on the night sky and directly naming the stars. 


? A precision instrument, 
.— ¥ the actual stars in the night sky 
‘ illuminated charts for your study and enjoyment 


With one eye to the instrument and one eye to the sky, 
the battery-illuminated chart 
on the heavens to name the stars, locate the planets, and 
Easily used. Battery included. 


$2.95 postpaid 


not a gadget. Charts register accurately over 
Complete sky coverage with 30 

















SKY-GAZERS EXCHANGE 


Classified advertising costs 15 cents a word, 
including address; minimum charge, $3.00 
per ad. Remittance must accompany order. 
Insertion is guaranteed only on copy re- 
ceived by the 20th of the second month 
before publication; otherwise, insertion will 
be made in next issue. We cannot acknowl- 
edge classified ad orders. Sky Publishing 
Corporation assumes no responsibility for 
statements made in classified ads, nor for 
the quality of merchandise advertised. Write 
Ad Dept., Sky and Telescope, Harvard Ob- 
servatory, Cambridge 38, Massachusetts. 


TELESCOPES and all accessories bought, sold, or 
exchanged. Valley View Observatory, 106 Van 
Buren St., Pittsburgh 14, Pa. Established 25 
years ago. 

MOUNTED 5” and 6” 


refractor objectives of first 
quality, $200.00 and $300.00. 4” 


edged blanks, 


$22.50. Correspondence invited. Earl Wither 
spoon, Sumter, S. ¢ 
WANTED: 5” or 6” refractor telescope or 5” 


or 6” objective Please write Bill Ashdowne, 


18450 Grand River, Detroit 23, Mich. 


TELESCOPE MIRRORS. Revolutionary prices - 
the lowest yet offered. Completely finished, ready 
to mount. Send for free literature. Aurora 
Telescope Co., 266 Ave. C, Bayonne, N. J 


FOR SALE: 6” reflector mirror ground by Preci 
sion Optical. Rigid mounting, accurate motor clock 
drive. Send for photo, $290.00. Denniston Lab 
oratories, 915 N.E. 2nd St., Ft. Lauderdale, Fla. 


MUST SELL: 6” Newtonian reflector, unmounted. 
Has 6” f/8 quartz over-coated mirror, smooth rack- 
and-pinion focusing, two fine Ramsden achromatic 
eyepieces, 4” and %” focal lengths. All parts 
protessionally made. First one with $35.00 takes 
it. Gordon Reefe, 358 Cherry Drive, Dayton 5, 
Ohio 


WANTED: 10” mirror blank, war ‘surplus, or 
unfinished blank, reasonable. E. P. McQuatters, 
459 Fourth St., San Bernardino, Calif. 

METEORITES: Visitors from space. Genuine 
Odessa, Tex., $1.00, $2.00, $3.00, $5.00. Arizona 
crater meteorites, $5.00, $10.00. Scientific Lab 
oratory, 2846 Oakley Ave., Baltimore 15, Md. 


FOR SALE: Excellent 6” £/8 aluminized mirror; 
40x, 120x, 160x Zeiss eyepieces; prism; 2” f 3.8 
finder objective, $50.00, 92-mm. f/18 achromatic 
objective, $30.00. 24," £/16 objective, $5.00 
R. Schuma, 12 Mt. Pleasant Pk., Rochester 8, 
N. V¥ 

FOR SALE: 
2” movement, 
$5.95 postpaid. 


Donald Lehr, 31 S. Hood Ave., 


Brass rack-and-pinion eyepiece holder, 
takes standard 14%” eyepiece. Price 

Satisfaction or money refunded. 
Audubon 6, N. J 


CIRCLES: 9” diameter, 720 divisions. Printed on 
plastic coated stock and plastic overlaid. In 
structions for mounting and Seben up scope. Find 
any object in 5 to 10 seconds. $10.00 per pair, 
postpaid. B. A. Stevens, 2011 La Mesa Drive, 
Dodge City, Kans. 


SPECIAL: 1%” elliptical flats, 
cell, $2.00 bare, $2.50 aluminized. 
05 Leopold St., Huntington, Ind. 


ALPO Mars map, $1.00. Color slides of the planets. 
Illuminated drawing and chart boards for use at 
telescope. Complete reflecting telescopes and 
accessories. Free lists. ). P. Avighiano, 678 W. 
Manzanita, Sierra Madre, Calif. 

AMATEUR ASTRONOMER'’'S' Handbook, by 
Sidgwick, $12.50; Norton’s Star Atlas, $5.25; 
Richardson, Exploring Mars, $4.00; de Vaucou 
leurs, Physics of the Planet Mars, $10.00. All 
foreign and domestic publications. Write for list. 
Herbert A. Luft, 42-10 82nd St., Elmhurst 73, 
nN. 4 


; wave, with metal 
Harold Snyder, 


/ 


FORTHCOMING PUBLICATIONS: Moore and 
Wilkins, The Moon; Observational Astronomy for 
Amateurs, by Sidgwick. Orders accepted. Herbert 
A. Luft, 42-10 82nd St., Elmhurst 73, N. Y 


GOVERNMENT SURPLUS: 3 telescopes, precision 
built, 12 power, finest Warner and Swasey lenses, 
eye lens 4%” diameter, field lens 3” diameter. Ac- 
quired cost to Government $1,000.00 each. Sac 
rifice $50.00 each, delivered. Send check for 
immediate shipment. Crown Equipment Co., 1011 


Bleury, Montreal, Quebec, Canada. 

WILL TRADE new Questar for Unitron telescope 
in same price range. Good condition. John Klein, 
Box 1139, Juneau, Alaska. 


BEST OFFER takes top quality f/7 8” reflector, 





equatorial mount, partial clock drive, accessories, | 


storage chest; also 2” B&L refractor, tripod. Ber 


nard Powell, 341 Glenbrook Rd., Glenbrook, Conn. 


PRICES: All sizes, binoculars, tele 
Amazing 48-page free cata 


LOWEST 


scopes, microscopes. 


logue. Also repair any optical instrument. Joe's | 
27 


Binocular House, 4827 Second St., Detroit 1, 


Mich. 


FOR SALE: 2.4” Unitron equatorial refractor, 
model No. 128. $150.00. Ed 
Hill Rd., Burlingame, Calif. 


6” REFRACTOR: 90” focal length, equatorial 
mount, slow motion in R. A. (friction clutch), 
sturdy metal tripod, view finder, eyepieces, rack- 
and-pinion focusing, prismatic star diagonal. 
$650.00 f.o.b. Walter N. Weber, 2451 Erie St., 
San Diego 10, Calif. 


AL UMINIZING TANK, used at ‘Harvard Observa- 
tory for coating 61” mirror. Available immedi- 
ately. Stainless steel, 68” inside diameter, 56 
high, 3/16” thick, with six glass portholes. Stain- 
less steel base is 75” over-all diameter. 171-page 
operating manual included. Price $250.00 or best 
offer, f.o.b. Agassiz Station, Harvard, Mass. 
Contact Mrs. V. Adams, Harvard Observatory, 
Cambridge 38, Mass. 
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Kester, 445 Pine | 





sion was timed at 9:30. Ted Gangl, two 
or three miles west of us, also saw the 
immersion. All three observers are mem- 
bers of the Texas Astronomical Society. 
E. M. BREWER 

5218 Morningside Ave. 

Dallas 6, Tex. 


At 8:15 p.m. (Pacific daylight time), 
Mars was too close to the moon to be 
seen, even in a 16x hand telescope. By 
8:30, the moon had moved 3’ away from 
the planet, and by 8:55 their separation 
was about 11’. They were in a patch of 
clear sky until 9:05, when Mars became 
very hard to see. 

STEPHEN W. BIEDA, JR. 
29 Clareview Ave. 
San Jose 27, Calif. 


VARIABLE STAR MAXIMA 

June 5, V Bootis, 142539a, 7.9; 9, R 
Sagittarii, 191019, 7.2; 15, TI) Centauri, 
133633, 6.1; 16, U Cygni, 201647, 7.6; 18, 
R Indi, 222867, 8.0; 22, RT Cygni, 194048, 
7.4; 23, S Coronae Borealis, 151731, 7.5; 
24, RS Herculis, 171723, 8.0; 26, S Vir- 
ginis, 132706, 7.1. July 4, T Aquarii, 
204405, 7.9; 7, R Reticuli, 043263, 7.7 

These predictions of variable star maxima are 
by the AAVSO. Only stars are included whose 
mean | maximum magnitudes are brighter than 
magnitude 8.0. Some, but not all of them, are 
nearly as bright as maximum two or three weeks 
before and after the dates for maximum. The 
data given include, in order, the day of the month 
near which the maximum ‘should occur, the star 
name, the star designation number, which gives 
the rough right ascension (first four figures) and 


declination (bold face if southern), and the pre- 
dicted magnitude 


SUNSPOT NUMBERS 

March 1, 29, 23; 2, 22, v4 , a. 2G: 4, 
14, 15; 5-6, 10, 8; 7-8, 3, 8; 9, 2, 7 1020, 
0, 0; 21, 2, 0; 22-26, 0, 0; 27, 2 2,4: 38, 0, ( 
29, 6, 0; 30, 13, 17; 31, 12, 10. Means ‘i 
March: 4.7 American; 4.7 Zurich. 

Above are given the date, the American num 
ber, then the Zurich number. These are observed 
mean relative sunspot numbers, the American 
computed by D. W. Rosebrugh from AAVSO 
Solar Division observations, the Zurich numbers 


from Zurich Observatory and its stations in 
Locarno and Arosa. 


At the U. S. Naval Observatory, the 
daily sunspot observations include the 
measurement, from photographs, of the 
total area of the visible spots. These 
areas, which include both umbra and 
penumbra of each spot, are expressed in 
millionths of the area of the visible 
hemisphere. Circular 57 of the Naval 
Observatory lists the spot areas for each 
day of 1954; the average for the year was 
44, and the monthly means ranged from 
182 in March to 0 in January and June. 


UNIVERSAL TIME (UT) 


TIMES used on the Observer’s Page are Green- 
wich civil or Universal time, unless otherwise 
noted. This is 24-hour time, from midnight to mid- 
night; times greater than 12:00 are p.m. Subtract 
the following | she to convert to standard times in 
the United States: EST, 5; CST, 6; MST, 7; 
PST, 8. If necessary, add 24 hours to the UT be- 
fore ‘subtracting, in which case the result is your 
standard time on the day preceding the Greenwich 
date shown. 


THE SUN, MOON, AND PLANETS THIS MONTH 


The sun, on the ecliptic, is shown for the beginning and end of the month. 
The moon’s symbols give its phase roughly, with the date marked alongside. 
Each planet is located for the middle of the month and for other dates shown. 


The sun will undergo a total eclipse 
of long duration on June 20th, visible 
from southern Asia and the southwest 
Pacific. For maps and other information, 
see the February page 142, and 
May, page 279. 

Mercury cannot be seen easily during 
June, because inferior conjunction with 
the sun occurs on the 16th. The planet 


issue, 














Saturn and Neptune are the only plan- 
ets in the midnight sky. The ringed 
planet may be observed until dawn in 
midmonth, in retrograde (westward) mo- 
tion in Libra. On the 15th, Saturn will 
shine at magnitude +0.5. The rings will 
be inclined 20°.8 to our view. 

Uranus may be viewed with slight op 
tical aid during the first days of June, 

















near the Gemini-Cancer boundary line. 
Neptune will be visible till after mid 


night all month, appearing at 8th magni 


tude. It is in slow retrograde motion be 
tween 81 and 82 Virginis, about 4° north 
east of Spica. EB. an 


MINIMA OF ALGOL 
June 3, 7:10; 6, 3:59; 9, 0:48; 11, 21:36; 
14, 18:25; 17, 15:14; 20, 12:02; 23, 8:51; 
26, 5:40; 29, 2:29. July 1, 23:18; 4, 20:06; 
7, 16:54; 10, 13:43. 


These minima predictions for Algol are based on 
the formula in the 1953 International Supplement 














will also be fainter than usual all month. low in the west after sunset. This 6th- of the Krakow Observatory. The times given are 
: Rens . 5 geocentric; they can be compared directly with 
Venus is now hard to see, rising about’ magnitude planet is moving eastward observed times of least brightness 
one hour before the sun throughout the 
month. Its disk, 10”.7 in diameter, is 93 pice 8 eS ER aE eg “Spapareny pet 
per cent illuminated on the 15th. Oo RT H @) S C @) P | _ 1) Cc U L A R S 
_Earth arrives at heliocentric longitude WE HAVE IN STOCK for immediate delivery 
270° on June 22nd at 4:32 UT, when the best eyepiece ever produced for astronom- 
ae < ‘ : ical and scientific work, with the following 
summer begins in the Northern Hemis- characteristics: 
phere and winter in the Southern. 1. Four-element design giving a flat, beauti- 
es é . . ee See s fully corrected field of 50° covering more than 
Mars becomes lost in the evening twi- 160 per cent of the area of the conventional 
light at the beginning of June and will Ramsden for the same power. This eyepiece is 
8 ile" ss J - a “must” for RFT work 
not be seen again till October, in the GaP Se ie ; - 
‘ 5 2. Precision optical elements, magnesium 
morning sky. fluoride hard coated, increasing the light 
. i . . transmission approximately 10 per cent. 
Jupiter can be found low in the west- is . 
k ft ‘ ewiliahe 1 t 3. Simple take-down for cleaning. 
arn skv after eve o lio nds. set- oil ; 
le GRY Set CVEMINg Cwiigne Cams, & 4. Precision metal parts black anodized for 
ting about 2} hours after the sun on the anti-reflection and ground to 14%” O 
15th. Now an object of magnitude —1.4, 5. Clean mechanical design permitting com . , 
3 J ebheg e fortable observation and ease of focusing. Price postpaid, $15.95 each 
the planet is moving eastward in Cancer. : ; 
: ‘ - eupk : : These eyepieces are produced in 4 mm., 8 mm., 16 mm., and 32 mm. effective focal lengths only. 
Its equatorial diameter is 32”.5 in mid- : 
une, Cc 0 
J ASTRONOMICAL BJECTIVES 
WE CAN SHIP from stock quality astronom- 
ical objectives with the following features: 
1. Superior optical design utilizing a larger 
The latest air separation. Color corrected on C and F 
and hand corrected on spacing to reduce resid 
. a uals to a minimum. Completely free of coma 
itz anetarium 2. Glass-ait surfaces magnesium fluoride 
| coated, increasing light transmission approxi 
| mately 10 per cent 
. P 7 3. Quality optical glass precision annealed 
iS being installed at | and held to one ring test plate match 
P 2 i 4. Cell made to precision tolerances and suit 
University of California ably coated to prevent stray light reflections 
Each cell engraved with effective focal length 
at Los Angeles and serial number 
Los Angeles, California These objectives are supplied as follows: 
3” C.A. 45” EFL. $ 62.00 
* gee 4” CA. 60” E.F.L. $138.00 
| a objectives are supplied with cells and 
e . rigidly tested on double stars for resolving power before being sold. 
Spitz Laboratories, Inc. GRR Le lasoad.... Fumadione det 
wionauy guaranteed — mediate deiuvery 
ELKTON, MARYLAND 
California residents, add 3% sales tax 
Telephone: Elkton CHESTER BRANDON iforni 
elephone: Elkton 666 Box 126, Montrose, California 
| 
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SOUTHERN STARS 
The sky as seen from latitudes 20° to 


40° south, at 11 p.m. and 10 p.m., local 
time, on the 7th and 23rd of August; 
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also, at 9 p.m. and 8 p.m. on September 
7th and 23rd. For other dates, add or 


subtract 4 hour per week. When facing 
south, hold “South” at the bottom; turn 
the chart correspondingly for other di- 
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rections. Celestial hour circles and _par- 
allels are represented as parts of circles, 
and an observer’s horizon is always a 
circle on the stereographic projection 
used in these charts. 
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STARS FOR JUNE 


The sky as seen from latitudes 30° to 
50° north, at 9 p.m. and 8 p.m., local 


time, on the 7th and 23rd of June, re- 


spectively; also, at 7 p.m. on July 7th. 
For other dates, add or subtract 4 hour 
per week. 

High on the meridian, yellow-orange 
Arcturus is readily found. Note its color 
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contrast with the cold white of Spica, 
lower and farther west in the sky. In the 
northern sky, Ursa Minor is well placed, 
as the Little Dipper stands on its handle- 


end, Polaris. 
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ASTRONOMICAL SCRAPBOOK 
(Continued from page 334) 


prominent professional astronomer in a 
leading scientific journal, together with 


Ad | Pp “aD @ Three Eyepieces—40X, 64X,89X| = full details and a complete orbit compu- 
1 {4 | I ‘ @ 800-mm Focal Length | tation. The man was F. Petit (1810-1865), 


@ 2%" Objective Lens director of the Toulouse Observatory, 
REFRACTING 


@ Regularly $125.00 | whose communication to the’ French 
ASTRONOMICAL TELESCOPE | Academy of Sciences was printed in its 
WITH TRIPOD AND CARRYING CASE 


Comptes Rendus of October 12, 1846. 

Fully corrected and coated lenses afford maxi- Three observers saw the body, Lebon 
mum brilliance and clarity. Heavily chromium and Dassier at Toulouse, and Lariviére 
plated brass used in moving parts. Beautifully at Artenac, 26 miles away, on March 2st 
ar pe pe — anes by har | of that year, at 6:45 p.m. When Lariviére 
of rack a inion. Erecting prism for terres- eens ae %S . be ied 

trial observation and diagonal prism for astro- first noted this luminous object, it was 
nomical may be used with any of the eyepicces. low in the south, near Sirius; it moved 
Fork type altazimuth mounting with tension slowly past Orion and into the north- 
poe me isan or — = western sky, where it vanished behind a 
crosshair eyepicce—Sun glass—Star diagona : th eee. tos ; 
eyepiece—Erccting prism_ cyepiece—Wooden low cloud bank. It stayed in sight for 


























tripod with chain brace—Complete in compact, hinged wooden carrying case. Weight of 10 seconds, and its apparent diameter . 
telescope, tripod and case—each approximately 6 Ibs. Total Shpg. Wt. 25 Ibs. | was half that of the moon. 
F-102—COMPLETE SET NET 82.50 First supposing this object to be a 
meteor, Petit calculated its track, and 
30 POWER TELESCOPE NEVER BEFORE AT THIS PRICE found to his surprise that the observa- 
Famous Zeiss type tions indicated an elliptical orbit around 


the earth with a period of revolution of 
2 hours 44 minutes and 59 seconds. The 
mean distance from the center of the 
earth came out 6,180.1 miles, and the 


@ Weighs only 8 ounces @ All metal—chrome IMPORTED DIRECT 


. © With t > 

a ee COATED LENSES 
Precision machined body. Hand ground, hard PRISM 
coated, achromatic lenses. Sharp, clear, brilliant 


ymages in the ame manner 05 toe Macue | BINOCULARS 


distance or close up views. Brings objects F4 @ All-metal construction orbital eccentricity 0.36007. Therefore, at 
| ! sh lish at r bys . : ; . 

ae: chee siding “ocusing. Pr. 4 omit iy! - perigee—the time of observation—the body 

extends to 144%4”. Not a cheaply made toy tele- maginer Pebble acta would have missed the earth’s surface by 


scope. But one of Lafayette’s finest optical bar- case and straps s } : : : 
gale. As always you must be esrishied—er return F-86 —8X,25 LE Dodi cakcves sneer augecss Guan Net 17.45 only 7.1 miles. Why this conspicuous 


or immediate refund, Shpg. W : . : 
< object was not earlier recognized was 
DE ccGln cia denwcecuabitnae twats NET 5,95 I ’ te - 
easily explained by Petit: At less favor- 
Micro-Telescope able apparitions its much greater distance 


avs from earth would make it correspondingly 


a BAROMETER fainter. 








with order, Add 10% Fed, Tax. 








n! : ; 
KS @ Handsome Styling In the audience at the French Academy 
@ Precision Movement when this paper was read sat the great 
=== > @ Reads 26 to 32 Inches oe won 6 

Produced in Germany by Leverrier, codiscoverer of Neptune. He 
expert craftsmen — un- commented that the orbit calculation 

Two precision optical instruments in one handy questionable quality — : ’ : 
pocket unit. When collapsed it is a 50X micro- unbelievable price! Cali- should be revised to take air resistance 


brated in 1/100”, 1/10” 


scope with a self contained concave illuminator ‘ 
‘and inches from 26” to 


mirror. Extended it becomes a 10X Telescope! into account, 





5” collapsed—extends to 814”. Carried as easily 32”. Ivory porcelainized Hindsight is easy, when an additional 
as a fountain pen. All metal construction with a pmetal scale with black at, ; 

grey enamel and chrome finish. Remarkable ver- Rai ad red lettering read- century of experience by meteor astrono- 

satility in one instrument. Ideal for field work— ing: Stormy — Rain — Change — Fair — Very eM on ae ’ AG. ss : 

nature study—sports—etc. Shpg. Wt. % Ib. Dry. Richly polished mahogany stained hardwood mers is available to se In 1846 the calcu 

Pith ks + bdo nabecsescesaeiaeee Net 3,98 | ¢as¢. Black indicator arrow shows atmospheric lation of meteor heights and paths was 
pressure. Brass arrow sets for reference reading | a < 

Polished brass bezel, still a novelty, and Petit had not realized 


to show d f ch 
40 POWER PRISMATIC plano crystal face, open dial reveals intricate | that the observations were too rough to 


mechanism. 514” in diameter by 114” deep. Tells 


TELESCOPE weather 12 to 24 hours in advance. support such an elaborate superstructure 
‘ET 3.95 


of computation. His orbit depends very 


PORTABLE 70X MICROSCOPE critically upon the uncertain estimates of 


@ POCKET SIZE FOR FIELD OR LABORATORY. the duration of visibility. The 10-second 










7 SYSTEM. ee © IDEAL FOR MINERALOGY ENTOMOLOGY— duration: reported by Lariviére leads to 

~ 60MM FOR METALL an elliptic orbit that intersects the earth's 

TERRESTRIAL VIEWING. Indispensable for the — surface twice; the six seconds of the Tou- } 
@ RACK and PINION subjects. Unparalleled for the louse observers makes the orbit around 

—_ a —~ seen the earth a hyperbola. Petit had arbitrar- 


coin and stamp collector—stu- 
dents and hobbyists. Finely 


machined chromium plated 
brass tube, mount and legs. 
4%” collapsed—614” fully ex- 
tended. Weighs only 8 ozs. 


Includes soft ‘4 zipper 
case. Shpg. Wt. 1 


I Hl ily averaged these durations for his calcu- 
lations with seven-place logarithms! 

Petit’s similar discovery of a second 

supposed earth satellite on July 23, 1846, 

also appears invalid, from uncertainty in 














Se ee 9.95 : 

Fully corrected—achromatic—coated lenses. All the all-important estimates of duration. 
metal construction—chrome trim—white enamel © NEW YORK.N.Y. | 100 Sixth Ave 1 
— Perfect for amateur getenemy-—aanere Safi There can now be hardly any doubt that 
a ag ne Py nen toga i an (l 10 ee ot Al | 542 Fordham Rd both these objects were merely ordinary 
ee plese oan Oey ene ae aT NEWARK.N.). | 24Central Ave | fireballs. Clyde Tombaugh need not fear 
Tri extends to approximately 5% feet. Over- PLAINFIELD.N.J |.139West 2nd St } . ’ _< : c t 
all ength of telescope is approximately 19”, Shpg. having been anticipated 109 years ago, 
we OY 32.50 DEPT. SK6 MAMET SMe if he finds a satellite of the earth. 

\_ F120 TRITTITETELICETTLT TL Net . include postage with order J A 
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Wind Instruments 


Wind Speed Indicator No. 410 = Three-cup anemometer 
is mounted out-of-doors and registers speed of wind directly in 
miles per hour on an indoor indicator. The 4-inch polished brass 
dial shows speeds up to 100 miles per hour. Spinning cups gen- 
erate a small current which is measured on the voltmeter indi- 
cator. No external power source is required. Anemometer is 
connected by low voltage, two-conductor No. 22 wire. Diametet 
of cup rotor is 10 inches. Height of pipe support is 12 inches. 
(Will operate at distances over 50 feet to about 200 feet if No. 18 
two-conductor, copper, outdoor telephone wire is employed; this 
should be procured locally.) Complete, ready for installation and 
operation, with 50 feet of wire and pipe support. Shipping 


weight 4 Ibs. $49.95 


Wind Direction Indicator No. 411 A small wind vane 
is mounted out-of-doors and transmits wind direction to eight 
compass points on an indoor indicator. The vane has eight 
built-in contacts which complete an electrical circuit to the indi- 
cator. The vane assembly, which requires no maintenance, has 
a nine-conductor cable attached, the other end being connected 





to the eight lamps of the indicator. The proper lamp flashes on 





the indicator for the direction from which the wind is coming 
at that moment. Dial is 714 inches in diameter by 34 inch 
deep. The dial is plugged into regular 110-volt a.c. house current. 
Consumes only 1/25th of a watt. Outdoor transmitter height 
is 12 inches. Cable diameter 14 inch. Shipping weight 4 Ibs. 
Complete with 50 feet of cable. (Additional cable, $7.50 per 


coil of 50 feet.) $49.95 


Compass No. 491 Enables Design Weather Vanes 
one to tell the direction of No. 431 These attractive 
the wind when out-of-doors. wind vanes are both practical 
Rugged 2-inch maroon plastic weather instruments and _ or- 
case with hinged cover. Jew- namental assets for your 
eled center. Sensitive bar house or garage. Many de- 
needle locks automatically signs in stock; send for com- 
when case is closed. $2.75 plete folder. 

20” arrow $14.95 

50” arrow $1 9.95 





Wind Vane No. 430 Simple wind vane 
for home or garage. Brass vane 18 inches in 
length swings freely on | 1-inch mast. Letters 


& 
for four compass points. $7.00 ks 
WA 


Send for 1955 catalog. 


Science Associates 
P.O. Box 216 194 Nassau St. Princeton, N. J. 





UNITRON 


Picture YOURSELF at the Controls 
of this newest UNITRON! 


Here is a sneak-preview of Model 166, the new 
UNITRON 4” Photo-Equatorial with fixed pier, 
clock drive, and astro-camera. 
The unexcelled performance, careful workmanship, 
and elegant finish of Model 166 is characteristic 
of each and every telescope that bears the 
UNITRON name. 
Such uniform excellence is but one of the many 
exclusive features which distinguish UNITRONS 
from all other refractors of equal aperture. 

“Further details will be announced next month. 

See pages 339 and 347. 


MU, ty / Ss. e fe 204-206 MILK STREET, 
e BOSTON 9, MASS. 








